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I.  SUUMARY 

A.  This  quarterly  report  is  submitted  under  Contract  N7onr-U6208  and 
covers  the  period  1 November  1952  through  31  January  1953.*  The  objectives  of 
the  contract  are  threefold: 

1.  Synthesis  and  physical  studies  of  new  high-energy  polynitro 
compounds  as  potential  explosives. 

2.  Desensitization  of  RDX  with  materials  which  will  not  lower 
its  oxygen  balance  appreciably. 

3.  Development  of  bomb  and  shell  casings  made  of  an  explosive 

plasrtic. 

B.  The  more  important  results  and  conclusions  of  the  work  reported  are 
presented  below: 

1.  Four  new  aliphatic  polynitronitramines  have  been  synthesized 
by  use  of  the  Mar.nich  condensation. 

a.  3»3»5»7,7-Pentanitro-5-aza-nonane  and  U,li,6,8,8-penta- 
nitro-6-aza-undecane  were  prepared  by  the  condensation  of  ammonium  acetate  with 
2, 2-c’initro butanol  and  2, 2-dinitropentanol,  respectively,  followed  by  postnitra- 
tion. 


b.  The  condensation  of  3»3-dinitro-l,5-pentanediamine  with 
two  moles  of  trinitroethanol,  followed  by  postnitration,  gave  1,1, 1,3.6, 6, 9. 
ll»ll»ll-decanitro-3,9-diaza-undecane.  This  compound  has  a calculated  bal- 
listic-mortar value  of  155  (RDX  * 150)  and  a calculated  lead-block  value  of 
177  (RDX  = 157). 


c.  The  condensation  of  methylene  diamine  with  two  moles 
of  trinitroethanol,  followed  by  postnitration,  gave  1,1,1, 3*5*7, 7, 7-ootanitro- 
3 »5-diaza- heptane.  Tnis  compound  has  an  oxygen  balance  of  +10. U,  and  when 
adjusted  to  zero  oxygen  balance  with  12. }%  TNT,  it  has  a calculated  ballistic- 
mortar  value  of  156.3  and  a calculated  lead-block  value  of  195.5* 

2.  3* 3* 3-Trinitropropyl  amine  nitrate  was  prepared  by  treating 

3,3»3-trinitropropyl  isocyanate  with  dilute  nitric  acid.  This  salt  ha3  a 
calculated  ballistic-mortar  value  of  lhl  and  a calculated  lead-block  value  of 
171. 


3.  Two  new  heterocyclic  polynit-ro  compounds  have  been  synthe- 
sized: 

a.  J *3,5-^r.i  s(3’  .3 1 ,3’-Trjnj.tropropyl-hexahydro-l,3J5- 
triazine  was  prepared  by  the  condensation  "f  three  moles  of  3>3*2-trir.itrpropyi 
amine  with  three  moles  of  fo nr. aldehyde. 

Previous  work  on  this  contract  wan  ooveroo  in  Aerojet  Reports  No,  512,  538, 
562,  589,  621,  637,  and  660. 
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b.  By  the  condensation  of  1,1,1,6,6,11,11,11-octanitro- 

U,8-diaza-undecane  and  formaldehyde , a compound  was  obtained  which  was 
postulated  to  be  1,3-bisQ1  ,3* ,3l-trinitropropyl)-$,$-dinitro-hcxahydrc~ 

I, 3-diazine.  This  compound  has  a calculated  balli3tic-mortar  value  of  157 
and  a calculated  lead-block  value  of  153. 

U.  The  following  samples  were  prepared  and  submitted  to  the 
Naval  Ordnance  Laboratory  for  evaluation: 

a.  l,l,l,L,6,6,8,ll,ll,ll-Decanitro-U,8-diaza-undecane 

b.  l,l,l,3,6,6,9,ll,ll,ll-Decanitro-3»9-diaza-undecane 

c.  1.1,1, 3,5,7,7,7-Octanitro-3,5-diaza-heptane 

d.  l,l,l,3,6,6,6-Heptanitro-3-aza-hexane 

e.  N-3* ,3’ ,3,-Trinitropropyl-3,3,5,5~tetranitropiperidine 

f.  3,3,3-Trinitropropyl  amine  nitrate  j 

g.  3,3,5,7,7-Pentanitro-5-aza-nonane. 

The  evaluation  of  six  of  there  compounds,  together  with  three  compounds  sub- 
mitted last  quarter,  has  been  completed  and  is  included  in  this  report. 

5.  The  investigation  of  new  surface-active  agents  for  use 
in  desensitizing  RDX  has  been  continued.  Values  of  hydrophile-lipophile 
balance  (HLB)  were  compared  with  percents  adsorbed  on  RDX  from  acetone-water 
for  a large  number  of  wetting  agents  supplied  by  the  Atlas  Pov.der  Company. 

It  has  been  found  that  high  adsorption  correlates  fairly  well  with  low  HLB. 

Some  of  these  new  Atlas  wetting  agents  show  promise  for  use  in  the  desensi- 
tization of  RDX. 

II.  TECHNICAL  PROGRESS:  SYNTHESIS  OF  NEW  HIGH  EXPLOSIVES 


A.  INTRODUCTION 

1.  The  present  explosives  program  is  directed  toward  the 
synthesis  of  new,  stable,  high-energy  polynitro  compounds  with  a preferred 
oxygen  balance  on  the  positive  side  or  very  near  zero  on  the  negative  side. 

2.  This  report  deals  mainly  with  the  synthesis  of  aliphatic 
polyritronitramines  and  heterocyclic  polynitro  compounds. 
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B.  PREPARATION  OF  ALIPHATIC  POLYNITRONITRAlilNIiS 

1.  Preparation  of  3,3,5>7,7-Pentanitro-$-aza-nonar.e  and 
h,Li,6,d,8-Pentanitro-6-aza-undecane 

a.  Discussion 

(1)  The  preparation  of  2,2,h,6,6-pentanitro-l-aza- 
heptane  by  the  Mannich  condensation  of  2,2-dinitropropanol  and  ammonium 
acetate,  followed  by  postnitration,  has  been  previously  reported.*  This 
reaction  has  now  been  extended  to  the  synthesis  of  the  next  higher  homologs, 
3,3»!?,7,7~pentanitro-!?-aza-nonane  and  u,U,6,8,8-pentanitro-6~aza-undecane. 

It  was  hoped  that  by  increasing  the  carbon  chain  in  this  manner  a waxy  material 
might  be  obtained  which  would  be  suitable  for  the  coating  of  RDX.  However, 
these  new  nitramines  are  not  waxy,  but  crystalline. 

(2)  Two  moles  of  2 ,2-dinitrobutanol  condensed  readily 
with  ammonium  acetate  to  form  3,3,7,7-tetranitro-5-aza-nonane  (la),  a white 
crystalline  compound,  mp  66  to  67cC,  I.S.  >100  cmj2  kg.  Nitration  of  (la) 
with  a mixture  of  100#  nitric  acid  and  acetic  anhydride  ; 3,3,5,7,7-penta- 
nitro-5-aza-nonane  (Ila),  a white  crystalline  compound,  mp  106  to  1C7°C, 

I.S.  >100  cm/2  kg. 


(3)  Similarly,  two  moles  of  2 ,2-dinitropentanol  con- 
densed with  ammonium  acetate  to  form  U,h,8,8-tetranitro-6-aza-undecane  (lb),  a 
white  crystalline  compound,  mp  100  to  100. 5°C.  Nitration  of  (lb)  with  a 
mixture  of  100#  nitric  acid  and  acetic  anhydride  gave  h,Li,6,8,0-pentanitro- 
6-aza-undecane  (lib),  a white  crystalline  compound,  mp  101  to  103°C. 


N°2 

2RCCH2OH  + NHjOCOCHy 
1KL 


N°2 

RCCH, 


lie 


- NH 


hnc3 

Ac20 


T°2 

RCCH2 


NN02 

o 

c. 


(la) ,  R - CH3CH2 

(lb) ,  R - CH3CH2CH2 


(Ila),  R - CH3CH2 
(lib) , R - CH3CH2CH2 


b.  Experimental 


(1)  Preparation  of  3,3»7,7-Tetranitrc-5-aza-nonane 


(a)  A mixture  of  30.0  g (0.183  mole)  of 
2,2-dinitrobutanol,  50  ml  of  water,  and  30.0  g (0.3?  mole)  of  ammoniuiri  acetate 


Aerojet  Report  No.  621,  p. 
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was  heated  on  the  steam  bath  for  20  minutes.  The  reaction  mixture  was  cooled, 
and  the  product  was  collected  and  dried,  giving  28.0  g (99i0  of  a cream-colored 
solid,  mp  57  to  6l°C.  Recrystallization  from  isopropyl  alcohol  gave  white 
plates,  mp  66  to  67°C,  I.S.  >100  ca/2  kg. 

Anal.  Calc'd  for  CqH^N^OqJ  X,  31.07;  *H,  b.89;  *N,  22.65 

Found:  %C,  31.06;  $i,  U.98;  $N,  21.73 
(2)  Preparation  of  3, 3»5»7,7-Pentanitro-5-aza-nonane 

(a)  A mixture  of  100  ml  of  acetic  anhydride 
and  150  ml  of  100^  nitric  acid  was  cooled  to  5°C,  and  18  g (0.0582  mole)  of 
3»3,?»?-tetranitro-5-aza-nonane  was  added.  The  solution  was  poured  onto  ice 
to  pive  a white  solid.  The  product  was  collected,  v^shed  with  water,  and  dried 
in  vacuo  over  potassium  hydroxide.  The  yield  was  quantitative,  mp  97  to  99°C. 

Re crystallization  from  chloroform  gave  white  plates,  mp  106  to  107°C,  I.S.  ^>100 
cm/ 2 kg. 


Anal.  Calc'd  for  Cq^^io5  * C » 27-12»  3.98; 

Found:  %C,  27.17;  *H,  3.72; 

Heat  of  Combustion,  AH  , Predicted:  3290  cal/g 

P 

Found:  323b  cal/g 

(3)  Preparation  of  2, 2-Dinit ropentanol 


SfiN,  23.73 
%U,  22.7b 


(a)  In  a 200-ml  3-necked  flask,  fitted  with  a 
mechanical  stirrer,  tnerraometer,  and  dropping  funnel,  was  placed  lb. 8 g (0.1 
mole)  of  1,1-dinitrobutane  and  ml  of  water.  A solution  of  b.2  g (0.1  mole) 
of  95/C  sodium  hydroxide  in  15  ml  of  water  was  added  drcpvlse,  keeping  the 
temperature  at  25°C  by  external  cooling.  A quantity  of  8.1  g (0.1  mole)  of 
37*  formalin  was  added  dropwise,  the  reaction  mixture  was  stirred  for  b5 
minutes,  and  a solution  of  5.1  B (0.05  mole)  of  concentrated  sulfuric  acid 
in  10  ml  of  water  was  added  dropwise  at  25°C.  The  solution  was  extracted  with 
methylene  chloride,  and  the  extract  was  dried  and  concentrated  to  give  11.6  g 
of  oil. 


(b)  Preparation  of  b,b,8,8-Tetranitro-6-aza-undecane 

(a)  A quantity  of  11.6  g of  2 ,2-dinitropentanol 
was  warmed  on  the  steam  bath  for  20  minutes  with  a solution  of  11.6  g of  am- 
monium acetate  in  100  ml  of  water.  On  cooling  a solid  precipitated,  which  was 
collected,  washed  with  water,  and  dried  to  give  6.2  g of  a yellov/  solid, 
mp  81  to  65°C.  Recrystallization  from  ethanol  gave  white  rods,  mp  100  to  100. 5°C. 

Anal.  Calc'd  for  C^H^N^Og:  X,  35-61;  7>H,  5.68;  #1,  20.77 

Found:  Jfc,  35.78;  *H,  5.58;  *N,  19.75 
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(5)  Preparation  of  U,U,6,8,H-Pentanitro-6-aza-undecane 

(a)  To  a solution  of  100  ml  of  100$  nitric  acid 
and  100  ml  of  acetic  anhydride,  cooled  to  , was  added  6.2  g of  crude 
Li,U,8,8-tetrar;itrc  6- az a- undecane.  The  solution  was  poured  on  ice  and  a white 
solid  precipitated.  The  product  was  collected,  washed  with  water,  and  dried 
to  give  5.6  g of  white  solid,  mp  65  to  70°C.  Two  recrystallizations  from 
carbon  tetx  anhloricte  raised  the  melting  point  to  101  to  103°C. 

Anal.  Calc 'd  for  C^Hj^O^;  $C,  31. U2;  $H,  U.75;  $N,  21.9? 

Found:  $C,  31.70;  $H,  h.85;  $N,  21.22 

2.  Purification  of  l,l,l,lt,6,6,8,ll,ll,ll-Decanitro-U,8-diaza- 
undecane  ~ 


a.  Discussion 

(1)  The  preparation  of  l,l,l,L,6,6,8,ll,ll,ll-deca- 
nitrc-li,8-cliaza-undecane  (III)  has  bean  previously  reported.*  This  compound 
was  purified  bv  recrystallization  from  hot  concentrated  nitric  acid;  the  mp 
wasQ135  to  137°C  dec.  It  has  now  been  found  that  a purer  compound,  mp  157  to 
159  C dec.,  with  a better  analysis  can  be  obtained  by  reerystallization  at 
room  temperature  from  1003  nitric  acid  ana  water,  or  methanol  and  water. 

b.  Experimental 

(l)  1,1 ,l,U,6,6,8,ll,ll,ll-Decanitro-h,8-diaza- 

undecane  was  purified  bv  dissolving  in  100$  distilled  nitric  acid  at  room 
temperature  and  adding  just  enough  water  to  cause  precipitation.  This  pro- 
cedure gave  a white  crystalline  solid,  I.S.  * 5 to  10  cm/2  kg,  mp  157  to  l59°C 
dec.  A similar  purification  from  methanol  and  water  did  not  raise  the  melting 
point. 


* 


Anal.  Calc 'd  for  $C,  17.77;  $H,  1.99;  $N,  27. 6U 

Found:  ft,  18.29;  f>H,  2.02;  $N,  27. U0 

Heat  of  Combustion,  IH^,  Predicted:  20Uli  cal/g 

Found:  1982,  198U  cal/g 

3 • Preparation  of  1 ,1,1, 3, 6, 6 , 9 »_1 1 ,ll,ll-Decanitro-3,9-diaza- 

undecane 


Discussion 


(l)  The  Mannich  condensation  of  3,3-dinitro-l,5- 
pentanedi amine  with  two  moles  of  trinitroothanol  gave  1,1,1,6,6,11,11,11- 
octanitro-3,9-diaza-undecane  (IV).  Nitration  of  (IV)  with  a mixture  of  100$ 
nitric  acid  and  acetic  anhydride  gave  l,l,l,3,6,6,9,ll,ll,U-decanitro-3,9- 
diaza-unoecane  (V). 
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TV 


CH2CH2NH2.HC1 


+ 2H0CH2C(N02) 


2NaOH 


NO. 


H 


CH2CH2ilCH2C(N02)3 


(IV) 
HNO. 


¥°2  _ N02 

6— iCH2CH2NCH2C(N02)3l 

no2  j2 

(V) 


a 


(V)  is  a white  crystalline  compound,  mp  1?0  to  175°C  c'ec.,  I.S.  “ 10  to  15 
cra/2  kg,  with  a calculated  lead-block  value  of  177  and  a calculated  ballistic- 
mortar  value  of  155. 


% 


(2)  Compound  (V)  is  isomeric  with  1, 1,1, U, 6, 6, 8, 11, 11,11- 
decanitro-h,8-diaza-undecane  (III): 


NO.  NO. 

i 2f  i 2 

c— ich2ch2..ch2c(no2)3 
no2'~ 

(V) 


NO.  _ NO 
I 2 


2 

C— 

I 

NO. 


CH2NCH2CH2C(N02)3j 


(III) 


This  preparation  provides  another  means  for  comparing  the  properties  of  the 
IMvitro-N-trinitroethyl  grouping  with  those  of  the  N-nitro-N-trinitropropyl 
grouping. 


b.  Experimental 

(1)  Preparation  of  1,1,1,6,6,11,11,11-Octanitro- 
3,9-diaza-undecane 

(a)  A solution  of  26.5  g (0.1  mole)  of 
3, 3-dinitro-l,5-pentanediamine  di hydrochloride , 36.2  g (0.2  mole)  of  tri- 
nitroethanol,  and  100  ml  of  water  was  placed  in  a 500-ml  3-necked  flask, 
fitted  with  a mechanical  stirrer.  A solution  of  ill  ml  of  U.8777N  scdiun 
hydroxide  (0.2  mole)  was  added  dropv.ise  from  a burette.  The  addition  of 
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the  base  caused  a yellow  solid  to  precipitate.  The  product  was  collected, 
washed  with  water,  and  dried  to  give  3k  g of  yellow  solid,  mp  93  to  95°C  dec, 

(2)  Preparation  of  1,1,1,3,6,6,9,11,11,11-Decanitro- 
3 , 9-di az a-unde c ane 


(a)  A solution  of  250  .ml  of  1005?  nitric  acid 
and  250  ml  of  acetic  anhydride  was  cooled  to  5°C,  and  3b  g of  1,1,1,6,6,11,11,11- 
octanitro-3,9-diaza-undecane  was  added.  The  solution  was  poured  on  ice, 
causing  a white  solid  to  precipitate.  The  product  was  collected,  washed  with 
water,  and  dried  to  yield  27.8  g,  mp  110  to  llli°G  dec.  Two  recrystallizations 
from  hot  1005?  distilled  nitric  acid  raised  the  melting  point  to  170  to  l75°C 
dec.,  I.S.  * 10  to  15  cm/2  kg. 


Anal.  Calc’d  for  C9H2.2N12°20S 

Found: 

Heat  of  Combustion,  AH  , Predicted: 

P 

Found: 


5?C,  17.77;  %H,  1.99;  %U,  27. 6U 
5?C,  18.11;  5?H,  2.00;  J?N,  27. 3U 
20UU  cal/g 
1956,  1978  cal/g 


b . Preparation  cf  1,1,1, 3, 5,7,7, 7-Octanitro-3,5-diaza-heptane 


a.  Discussion 


(1)  The  condensation  of  3,3,3-trinitropropyl  amine 
with  trinitroethanol,  2, 2-din it ro-1, 3-propanediol,  and  2,2,U,U-tetranitro- 
1,5  -pent anediol  has  been  described  previously.*  The  present  phase  of  the  work 
is  a study  of  the  condensation  of  methylene  diamine  with  these  polynitro- 
al co hols. 


(2)  It  has  been  found  that  methylene  diamine  will 
condense  in  an  anhydrous  medium  with  two  moles  of  trinitroethanol  to  give 
l,l,l,7,7,7-hexanitro-3,5-diaza-heptane  (VI),  a brightr-yellow  solid,  mp  100  to 
105°C  dec.  Nitration  of  (VI)  with  a mixture  of  100^  nitric  acid  and  acetic 
anhydride  gave  l,l,l,3»5,7,7,7-octanitro-3,5-diaza-heptane  (VII): 


CH0(NH..HC1)_  + 2H0CHoC(N0_) _ + 2Na0C0CH 


CH, 


H 


2 3 


nch2c(no2)3 


(VI) 


|-n°2 


HNO3 

AC2O 


CH2jRCH2C(N02)3 


(VII3 
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(VII)  is  a white  crystalline  compound,  mp  8b  to  85°C,  I.S.  * 5 to  10  cm/2  kg, 
with  an  oxygen  balance  of  +10. b.  When  adjusted  to  zero  oxygen  balance  with 
12. 3£  TNT,  (VTI)  has  a calculated  ballistic-mortar  value  of  156  and  a calculated 
lead-block  value  of  196. 


(3)  The  condensation  of  methylene  diamine  with  bi- 
functional alcohols  such  as  2, 2-dinitro-l, 3-propanediol  and  2,2,b,b-tetranitro- 
1,5-pentanediol  gave  gummy  products,  indicating  that  polymerization  took  prece- 
dence over  the  formation  of  the  desired  cyclized  compounds.  For  the  present 
such  compounds  will  not  be  investigated  further,  but  the  investigation  may  be 
resumed  if  new  methods  of  conducting  such  reactions  are  discovered. 

b.  Experimental 

* 

(1)  Preparation  of  Methylene  Diamine  Di hydrochloride 

(a)  Methylene  diformamide,  63.6  g (0.623  mcle) , 
was  dissolved  in  the  minimum  amount  of  concentrated  hydrochloric  acid  at  12cC 
to  give  a clear  solution.  After  the  solution  was  permitted  to  stand  overnight, 
a white  crystalline  solid  separated,  which  was  collected  and  dried  in  vacuo 
over  potassium  hydroxide,  yielding  31.1  g (Ul.8S),  mp  230  to  2bC°C  dec. 

(2)  Preparation  of  1,1,1, 7, 7, 7-Hexanitro-3,5-diaza- 
heptane 

(a)  In  a one-liter  3-necked  flask,  fitted  with 
a sealed  mechanical  stirrer,  reflux  condenser  with  drying  tube,  and  dropping 
funnel,  was  placed  21.0  g (0.176  mole)  of  methylene  diamine  dihydrochloride  and 
600  ml  of  methanol.  On  refluxing,  a clear  solution  was  obtained.  The  solution 
was  cooled  to  room  temperature,  and  63.9  g (0.352  mole)  of  trinitroethanol  was 
added.  A solution  of  28.9  g (0.352  mole)  of  anhydrous  sodium  acetate  in  300  ml 
of  methanol  was  added  dropwise.  The  yellow  solution  was  allowed  to  stand  over- 
night and  concentrated  in  vacuo  at  Uo°C.  The  vellow  solid  residue  was  ex- 
tracted with  absolute  ethanol  and  acetone,  leaving  20. U g of  sodium  chloride 
(theoretical  * 20.6  g) . The  extracts  were  concentrated  in  vacuo,  leaving 
61.0  g (93.1^)  of  yellow  solid,  mp  100  to  105°C  dec.,  I.S.  “ Ho  cm/2  kg. 

(3)  Preparation  cf  1,1 ,1 , 3,5, 7,7, 7-0ctanitro-3,5-diaza- 
heptane 

(a)  A nitrating  mixture  of  250  ml  of  100j£  nitric 
acid  and  250  ml  of  acetic  anhydride  was  cooled  to  5°C,  and  U8. 8 g (0.131  mole) 
of  l,l,l,7,7,7-hexanitro-3,5~diaza-heptane  was  added.  The  solution  was  stirred 
for  15  minutes  and  poured  onto  ice.  A white  solid  separated  in  about  one  hour; 
it  was  collected,  washed  with  water,  and  dried  in  vacuo  over  potassium  hy- 
droxide, yielding  lb. 8 g (2b. b«),  mp  75  to  79°C.  Recrvstallization  from 
cyclohexane  raised  the  melting  point  to  8b  to  85°C,  I.S.  * 5 to  10  cm/2  kg. 


*Knudsen,  3er.  U7,  2699  (19lb). 
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Anal. 


Calc'd  for  V 


Found: 

Heat  of  Combustion,  AH  , Predicted: 

P 

Found: 


%C,  12.99;  %Vl , 1.31;  *N,  30.31 
;C,  13. LL;  %R,  1.23;  *N,  30. L5 
lU27  cal/g 

lL23  cal/g 


C.  PREPARATION  OF  3,3,3-TRINITROPROPYL  AMINE  NITRATE 
1.  Discussion 


a.  3,3,3-Trinitropropyl  amine  hydrochloride  has  been  pre- 
pared by  treating  3, 3, 3-trinitropropyl  isocyanate  with  concentrated  hydrochloric 
acid.*  Because  of  its  favorable  oxygen  balance  it  was  of  interest  to  synthesize 
the  corresponding  nitrate  salt  and  evaluate  its  physical  properties. 

b.  3,3,3-Trinitropropyl  amine  nitrate  was  prepared  by 
treating  3, 3, 3-trinitropropyl  isocyanate  with  35£  nitric  acid.  The  nitrate 
salt  is  a white  crystalline  compound,  mp  130  to  133°C  dec.,  I.S.  * 90  cm/2  kg, 
with  a calculated  ballistic-mortar  value  of  lli3.7  and  a calculated  lead-block 
value  of  170.9. 


2.  Experimental 


a.  A mixture  of  6.6  g (0.03  mole)  of  3, 3, 3-trinitropropyl 
isocyanate  with  50  ml  of  nitric  acid  was  heated  on  the  steam  bath  for  three 
hours.  The  solution  was  concentrated  in  vacuo  to  give  a white  solid.  The 
product  was  collected,  washed  v.lth  ether,  and  dried,  yielding  6.6  g (85.7?Q, 
rap  130  to  133°C  dec.,  I.S.  “ 90  cra/2  kg.  Recr;  stallization  from  a mixture  of 
ethyl  acetate  and  ether  did  not  raise  the  melting  point. 


Anal.  Calc'd  for  C^HyN^O^: 

Found: 


Jfc,  lL.Ol;  M\,  2.7U;  ?N,  27. 2h 
ft,  1U.09;  *H,  2.80;  IN,  26.58 


Heat  of  Combustion, 


Predicted: 


Found: 


1706  cal/g 
165L,  1659  cal/g 


D.  PREPARATION  OF  HETEROCYCLIC  POLYNITRO  COi  POUNDS 


1 • Preparation  of  1,3,5-t ris(3'  ,3 ' ,_3 1 -Trinitrorropyl) -hexahydro- 

1,3,5-triazine 


a.  Discussion 


(1)  In  continuation  of  the  study  of  the  reactions  of 
3, 3, 3-trinitropropyl  amine,  the  condensation  of  this  amine  with  formaldehyde 
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was  investigated.  It  was  found  that  three  moles  of  3, 3, 3-trinitropropyl  amine 
condensed  with  three  moles  of  formaldehyde  to  fora  the  cyclic  trimer,  tris- 
l,3,5-(3' ,3' #3'-trinHropropyl)-hexahydro-l,3,5-triazine  (Till). 

CH 

3(N02)3CCH2CH2NH2«HC1  + 3CH20  q > (N02)3CCH2CH2/  2SI|ICH2CH2C(N02)3 

CH0  CH0 
N 

ch2ch2c(no2)3 

(VIII) 


(VIII)  is  a yellow  crystalline  compound,  mp  121  to  123°C  dec.,  I.S.  * 9 cm/2 
kg,  with  a calculated  ballistic-mortar  value  of  lltO  and  a calculated  lead- 
block  value  of  130* 


b.  Experimental 

(l)  In  a 300  ml  three-necked  flask,  fitted  with  a 
mechanical  stirrer  and  dropping  funnel,  was  placed  3^.5  g (0.15  mole)  of 
3, 3, 3-trinitropropyl  amine  hydrochloride,  75  ml  of  water,  and  12.1  g (0.15 
mole)  of  3il%  formaldehyde.  To  this  solution  was  added  dropwise  a solution  of 
12.3  g (0.15  mole)  of  sodium  acetate  in  50  ml  of  water.  A yellow  solid  was 
immediately  precipitated,  which  was  collected,  washed  with  water,  and  dried, 
to  give  30.7  g (9?Ji*)  of  product,  mp  118  to  123°C  dec.,  I.S  . * 9 cm/2  kg. 
Recrystallization  from  a large  volume  of  methanol  gave  yellow  plates,  mp  121  to 
123°C  dec.. 


Anal.  Calc'd  for  ci2Hl8N12°l8! 


%C,  23.31; 


Found:  f<£ , 23.78; 

Molecular  Vieight,  Calculated:  6l8 

. Found:  600,  570 

2 • Preparation  of  l>3~bis(3l ,3' ,3' 


hexahydro-1, 3-diazine 
a.  Discussion 


•?H,  2.93;  *N,  27.19 
*H,  2.88;  *N,  27.21 


-Trinitropropyl) -5, 5-dinitro- 


(l)  It  has  been  shown  that  the  condensation  of 
3,3,3-trinitrcpropyl  amine  with  formaldehyde  gave  1, 3, 5-tris( 3' ,3' ,3* -trinitro- 
propyl) -hexahydro-1,  3, 5-triazine  (Section  II,D,1),  while  the  condensation  of 
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3,3,3-trinitropropyl  amine  and  2, 2-dinitro-l, 3-propanediol  yielded  1,1, 1,6, 6, 
ll,ll,ll-octanitro-U,8-diaza-undecane.*  This  work  prompted  a study  of  the 
condensation  of  l,l,l,6,6,ll,ll,ll-octanitro-U,8-diaza-undecano  (IX)  with 
formaldehyde.  The  product  obtained  from  this  condensation,  according  to  its 
analysis,  was  postulated  to  be  the  desired  l,3-bis(3’ ,3' , 3' -trinit ropropyl)- 
5»5-dinitro-hexahydro-l,3-diazine  (X). 


n°2_ 

C— - 

N0o 


i_CH2°H]2  + 2 (N02)3CCH2CH2NH2.HC1 


no2  no2 

2NaOH „ 

/c\ 

fH2  f2 

(N02)3CCH2CH2N  NCH2CH2C(N02)3 

H H 


(IX) 


i CH2° 


N02  ^ N02 

^c\ 

(no2)  3cch2ch2n  /nch2ch2c(no2)  3 

CH2 


(X) 


(X)  is  a yellow  crystalline  compound,  mp  119  to  121°C  dec.,  I.S,  = 5 to  10 
cm/2  kg,  with  a calculated  ballistic-mortar  value  of  lf>7  and  a calculated  lead- 
block  value  of  153. 

b.  Experimental 

(1)  In  a 300-ml  three-necked  flask,  fitted  with  a 
mechanical  stirrer,  was  placed  12, L»  g (0.075  mole)  of  2, ?-dinitro-l, 3-propane- 
diol, 3U.5  g (0.15  mole)  of  3,3#3-trinitropropyl  amine  hydrochloride,  and  75  ml 
of  water.  To  this  solution  was  added  dropwise  30.7  ml  of  U.8777N  sodium  hy- 
droxide solution  (0.15  mole).  After  stirring  for  15  minuses  a yellow  solid  had 
separated.  The  water  w'as  decanted  and  the  product  was  water-washed  by  decanta- 
tion. The  solid  was  dissolved  in  200  ml  of  hot  methanol,  cooled  to  30°C,  and 
12.1  g (0.15  mole)  of  37"?  formalin  was  added.  The  reaction  mixture  was  stirred 
for  one  hour;  at  this  time  16.2  g ()i0.8/Qof  ] i ght-yell  ow  solid  had  separated, 
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mp  llU  to  118°C  dec.  Evaporation  of  the  methanol  solution  gave  a trace  of 
brown  solid.  Recrystallization  of  the  product  from  chloroform  gave'  yellow 
rods,  mp  119  to  121°C  dec.,  I.S.  “ 5 to  10  cm/2  kg. 

Anal.  Calc»d  for  jfc,  22.65;  *H,  2.66;  <N,  26.ii2 

Found:  %C,  22.95;  *H,  2.65;  J(N,  26.72 

E.  PREPARATION  OF  SAMPLES  FOR  EVALUATION  BY  THE  NAVAL  ORDNANCE 
LABORATORY 

1.  The  following  samples  were  prepared  and  submitted  to  the  Naval 
Ordnance  Laboratory  for  evaluation: 


a.  1 , 1 , 1 , U , 6 , 6 , 8 , 11 , 11 ,11 ,-Dec  anitro-U, 8-tiiaza-undecane , 
2 g,  mp  157  to  159°C  dec.,  I.S.  * 5 to  10  cm/2  kg, 

b.  1,1,1, 3, 6;6, 9, 11, 11, 11-Decanitro- 3 , 9-diaz  a-undecane , 

7 g,  mp  170  to  175°C  dec.,  I.S.  - 10  to  15  cn./2  kg. 

c.  l,l,l,3,5»7,7,7-Octanitro-3,5-diaza-heptane,  1 g, 
mp  85  to  86°C,  I.S.  * 5 to  10  cn/2  kg. 

d.  l,l,1.3,6,6,6-Heptanitro-3-aza-hexane,  5.7  g,  mp  lUii 
to  lU5°C,  I.S.  ” 1 cm/2  kg. 


e.  H-0',31 ,3'-Trinitropropy^-3,3,5»5-tetranitropiperidine, 

5 g,  mp  lUli  to  lU6°C  dec.,  I.S.  “ 25  cra/2  kg. 

f.  3,3,3-Trinitropropyl  amine  nitrate,  h.3  g,  mp  132  to 
13uC  dec.,  I.S.  - 90  cn/2  kg. 

g.  3,3,5»7,7-Pentanitro-5-aza-nonane,  2 g,  mp  107  to  108°C, 
I.S.  > 100  cm/2  kg. 


2.  The  conclusions  reached  by  the  Naval  Ordnance  Laboratory'  with 
respect  to  three  of  the  compounds  submitted  last  quarter  and  six  of  the  compounds 
submitted  this  quarter  are  given  below.  The  data  are  summarized  in  Table  I and 
the  SPIA  data  sheets  in  the  appendix. 

a.  l,l,l,3,6,6,6-Heptanitro-3-aza-hexane  (A52-11) 

(1)  A52-11  is  a primary  explosive  slightly  more  sensi- 

tive to  impact  than  either  mercury  fulminate  or  lead  azide.  It  possesses  modeio- 
ate  thermal  stability.  As  a primary  explosive  it  is  not  initiated  readily  by  a 
hot  wire,  which  makes  it  unsuitable  for  use  in  electric  detonators.  The  com- 
pound is  being  further  evaluated  as  a Drlmary  explosive  for  stab  initiation. 
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b«  l,l,l,li,6,6-Hexanitro-h-aza-heptane  (A52-12) 

c.  l,l,l,3,6,6-Hexanitro-3-aza-heptane  (A52-13) 

A52-12  and  A52-13  are  isomeric,  A52-12  containing  the 
3,3,3-trinitropropylmtramino  grouping  and  A52-13  the  2, 2, 2-trinit roethyl- 
nitramino  grouping.  Unfortunately,  both  compounds  melt,  with  decomposition, 
slightly  above  100°C,  and  as  might  be  expected,  were  unstable  at  100°C,  al- 
though A52-13  appeared  to  decompose  at  a much  faster  rate  and  also  to  possess 
a lorrer  ignition  temperature  than  A52-12.  The  difference  in  impact  sensitive- 
ness is  within  the  range  of  experimental  error  and  has  little  significance. 

d.  N-01 ,3’  ,3'-Trinitropropy])-3»3»5»5-tetranitropiperidine 
(A52-1U) 

A52-lh  is  the  third  derivative  of  3,3,5,5-tetranitro- 
piperidine  which  has  been  evaluated.  Unfortunately,  all  the  derivatives  were 
very  unstable  thermally. 


e. 

sensitive  to  impact. 

f. 

sensitive  to  impact. 

g. 


3,3,3-Trinitropropyl  Amine  Nitrate  (A52-15) 

A52-15  possesses  poor  thermal  stability  and  is  quite 

3 , 3, 5 , 7 , 7-Pentanitro-5-aza-nonane  (A$2-l6) 

A52-16  has  good  thermal  stability  and  is  not  very 

1, 1,1, U, 6, 6, 8, 11, 11, 11-Dec  anitro-U , 8-diaza-undec  ane 
A5>1) 


h.  l,l,l,3,6,6,9,ll,ll,U-Decanitro-3,9-oiaza-undecane 
(A53-2) 

i.  l,l,l,3,5,7,7,7-Octanitro-3,5-oiaza-heptane  (A53-3) 

The  sensitivities  of  A53-1,  A53-2,  and  A^3-3  are  such 
that  their  ap,  lication  is  questionable.  The  poor  thermal  stability  of  A53-3 
now  seems  to  be  typical  of  trinitroethyl  nitrcmir.ss  at  temperatures  above  their 
melting  points. 
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III.  DES5NSITIZATI0N  OF  RDX 

A.  EVALUATION  OF  SURFACE-ACTIVE  AGENTS 
1.  Discussion 


a.  A new  test  of  surface  activity  was  employed  to  evaluate 
a large  number  of  surface-active  agents  for  possible  use  in  the  desensitization 
of  RDX.  To  determine  which  agent  is  best,  it  is  necessary  to  decide  what  dis- 
tinguishes a good  surf ace- active  agent  for  this  application.  Apparently  this 
question  cannot  be  answered  in  terms  of  fundamental  physical  quantities.  As  an 
indirect  approach,  a test  nay  be  selected  whose  results  are  believed  to  corre- 
late with  good  surface  activity,  a large  number  of  agents  may  be  subjected  to 
this  test,  and  it  may  be  determined  whether  the  agents  known  to  be  good  are 
distinguished  by  the  test. 

b.  The  extent  of  adsorption  on  RDX,  under  conditions  com- 
parable to  those  of  actual  use,  seemed  to  provide  such  a test.  Previous  work 
in  coating  with  nitropolymers  from  solution  using  Span  85,  known  to  be  a good 
surface-active  agent,  had  shown  that  several  percent  of  Span  85  (on  basis  of 
RDX)  was  needed  to  produce  optimum  results,  and  that  most  of  the  Span  was  ad- 
sorbed on  the  RDX,  with  only  a small  amount  left  in  the  liquid  phase. 

c.  Preliminary  experiments  in  a medium  of  ethanol  and 
water  have  been  described  in  Report  No.  660.  They  showed  that  Span  85  gave 
a relatively  high  adsorption  (2$%  average)  in  comparison  with,  for  example. 
Tween  20  (6£)  . However,  it  was  desirable  to  enlarge  the  spread  of  values  be- 
tween good  and  bad  agents,  in  order  to  obtain  greater  distinction. 

d.  In  the  work  of  the  current  quarter,  the  change  was 
made  to  a medium  of  acetone  and  water.  In  the  new  medium,  values  of  the  ad- 
sorption of  Span  85,  while  not  satisfactorily  reproducible,  were  larger  on  the 
average  than  the  amounts  adsorbed  from  ethanol  and  water.  However,  for  some 
other  agents  tne  values  of  adsorption  were  consistently  reproducible.  For  a 
broader  view  of  the  usefulness  of  the  test,  it  was  applied,  in  this  new  form, 
using  the  acetone-water  medium,  to  a group  of  37  other  surface- active  agents. 
Uost  of  these  were  experimental  materials  of  various  chemical  types  provided 
by  the  Atlas  Powder  Company.  The  percent  of  each  agent  adsorbed  on  RDX  from 
the  acetone-water  medium  was  measured,  as  was  the  impact  stability  of  RDX  plus 
the  adherent  agent. 


e.  To  show  the  effect  of  concentration  of  surface-active 
agent  on  its  distribution  between  liquid  and  solid  in  this  test,  other  trials 
were  made  with  about  l/2  and  l/5  the  amounts  of  agent  used  in  the  standard  pro- 
cedure. Unfortunately,  the  agents  tested  were  Span  85  and  one  other  of  similar 
behavior,  and  poor  reproducibility  obscured  the  meaning  of  the  results. 

f.  A comparison  was  also  made  between  the  values  of  per- 
cent adsorbed  and  the  values  of  "hydrophile-lipophile  balance"  (HLB)  for  all 
agents  from  the  Atlas  Powder  Company  for  which  these  figures  are  available. 
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g.  In  a separate  experiment  the  amounts  adsorbed  on  RDX 
from  a water-acetone-ethyl  acetate  medium  of  Span  85  alone  were  compared  with 
the  amounts  adsorbed  in  the  presence  of  precipitating  polyurethane  I-A.  The 
amounts  were  similar,  and  possibly  identical  within  experimental  error. 

2.  Conclusions 


a.  Consideration  of  the  results  of  the  standard  adsorption 

test  with  acetone-water  for  the  whole  body  of  agents  showed  them  to  fall  into 
fairly  distinct  groups,  distinguished  as  follows: 


% „ Impact  Stabilit 


Type 

Behavior  in  Medium 

Adsorbed 

cn/2  kg 

(1)  Several  types 

Solution 

3-16 

20-50 

(2)  Several  types 

Suspension 

b-30 

30-b5 

(3)  Esters 

Suspension 

16-91 

35-  >100 

(b)  Esters 

Suspension  + separate 
oil  phase 

85-99 

>100 

Recovery  of  original  agent,  which  is  $%  of  RDX. 
30  cm/ 2 kg  for  RDX. 


b.  Probably  the  best  agents  lie  in  Group  (3),  which  in- 
cludes Span  85  and  Prosol  307,  among  others.  It  is  believed  that  the  separa- 
tion of  a distinct  oil  layer  noted  in  agents  of  Group  (b)  shows  too  high  a 
lipophilic  tendency  and  is  a disadvantage. 


c.  Trials  showed  that  the  reproducibility  of  the  test, 
using  three  agents  from  Group  (3),  was  very  poor  (16  to  73^  adsorbed  for  Span 
85).  Trials  with  single  agents  from  each  of  the  other  groups  showed  the  re- 
producibility to  be  good. 

d.  The  poor  reproducibility  of  the  test  for  compounds  in 
Group  (3)  might  be  considered  to  result  from  a delicate  balance  between  the 
tendency  to  remain  suspended  and  the  tendency  to  adhere  to  RDX,  with  a small 
influence  sufficing  to  swing  the  balance  either  way.  In  Groups  (1)  and  (2)  the 
former  tendency  predominates,  and  in  Group  (b)  the  latter. 


e.  Considering  the  relation  of  inpact  stability  to  percent 
adsorbed,  there  is  a narrow  margin  between  negligible  and  sizable  desensitiza- 
tion within  the  adsorption  range  covered  by  agents  of  Group  (3).  This  transi- 
tion occurs  at  an  adsorption  of  about  liO^  in  the  standard  procedure  (i.e.,  for 
adsorption  of  about  2%  of  the  RDX,  on  an  absolute  basis).  This  relation 
appears  to  be  independent  of  the  chemical  or  physical  nature  of  the  agents. 
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f.  These  data  emphasize  the  fact  that  in  work  to  date  on 
coating  RDX  with  nitropolymers,  a large  share  of  the  ae sensitisation  has  been 
provided  by  the  surface-active  agent.  The  need  for  new  and  better  nitro-com- 
pound  coatings  is  emphasized. 

g.  The  percentage  adsorbed  correlates  roughly  with  the 
Atlas  hydrophile-lipophilo  balance.  All  compounds  for  which  the  standard  pro- 
cedure gives  adsorptions  of  1$%  or  greater  have  low  HLB  values,  i.e.,  less  than 
6.  All  evidence  to  date  indicates  that  these  are  the  most  useful  compounds. 

(On  the  other  hand,  two  compounds  shew  low  HLB  values  combined  with  low  per- 
centages  adsorbed.) 

3.  Experimental 

a.  The  adsorption  of  0.15  g of  surface- active  agent  on 
3.00  g RDX  from  a medium  of  5 nil  acetone  plus  10  ml  water  was  determined,  for 
38  surface-active  agents,  by  the  method  described  in  detail  in  Report  No.  660. 
From  each  experiment,  portions  of  RDX  plus  adherent  agent  were  set  aside,  dried, 
and  tested  for  impact  stability  with  the  Bureau  of  Mines  apparatus.  Allowance 
was  made  for  the  removal  of  these  portions  In  the  calculation  of  percents  ad- 
sorbed. Results  of  these  experiments  are  summarized  in  Table  II. 

b.  For  several  of  the  agents  - Span  85,  G~9h9 , Prosol- 307, 
G-1226,  G-2266,  and  G-1071  - the  experiment  was  repeated  once  or  more  to  test 
the  reproducibility  of  the  method.  Results  of  these  replicate  experiments  are 
also  summarized  in  the  table. 

c.  The  effect  on  adsorption  of  diminishing  the  amount  of 
surface-active  agent  from  5/?  of  the  RDX  (in  the  standard  procedure  of  a,  above) 
to  2-l/2  and  1/  was  investigated.  A few  results  obtained  with  Span  85  and 
G-9k9  are  given  in  Table  III. 

d.  Values  of  the  hydrophile-lipophile  balance  (HLB)  for 
many  of  the  agents  listed  in  Table  II  were  provided  by  the  Atlas  Powder 
Company.  Table  IV  lists  these  HLB  values,  comparing  them  with  percentages  ad- 
sorbed from  Table  II. 


e.  In  a separate  experiment,  0.083  g of  Span  85  was  dis- 

solved in  10  ml  acetone  ir.  a 100  ml  flask.  To  this  was  added  30  ml  water,  and 
2.00  g RDX  was  suspended  in  the  mixture.  It  was  stirred  for  5 minutes,  and 
0.10  g polyurethane  I-A  dissolved  in  h ml  ethyl  acetate  was  added  slowly  over 
an  interval  of  15  minutes.  The  solid  phase  was  separated  and  dried,  and  the 
adsorbed  Span  85  was  recovered  by  the  ucual  extraction  procedures.  The  amount 
adsorbed  was  06%,  In  a parallel  experiment,  similar  in  every  respect  except 
that  ethyl  acetate  alone,  vrith  no  dissolved  polymer,  was  added,  the  amount  ad- 
sorbed was  7J%, 
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TABLE  II 


ABSORPTION  OK  STOKACE-ACIIVi.'  *“\TS  ON  RBI 


11/7/1 

11/7/2 

11/7/3 

11/12/1 

11/13/1 

11/lL/l 

11/6/2 

ll/lU/2 

1/2/1 

1/2/2 

11/17/1 

11/17/2 

11/17/3 

11/17A 

11/18/1 

11/18/2 

11/21/1 

11/21/2 

11/2L/1 

11/2U/2 

ll/2li/3 

11/2LA 

1/2/3 

1/2/1* 

11/2L/5 

11/211/6 

11/25/1 

1/5/1 

1/5/2 

11/25/2 

11/25/3 

11/25A 

11/26/1 


11/26/2 

11/5/2 

12/1VL 

12/23/2 

11/26/3 

11/26/h 

11/26/1 

11/3/1 

12/13/1 

12/19/2 

12/22/2 

12/22/3 

12/22 A 
11/28/2 
11/5/3 
11/28/3 
11/6/1 

11/6/1 


(Adsorption  of  0.15  g agaot  on  3.00  g RBI  froa  » Bedlua  of  5 >1  acstor>a  ♦ 10  nl  watar) 


Appearance  of 

t 

I.S.* 

Aftsnt 

SE! 

Physical  For* 

Agont  In  Uadi us 

Adsorbed 

ca/2  kg 

Atlss  0-3910 

Polyoxyethylene 

fetty  alcohol 

Fluid  suspension 

Solution 

5 

20-25 

Atlss  0-391S 

Po  1 yo  xy  e t by  1 -r.o 

fatty  alcohol 

Fluid  suspension 

Solution 

3 

liO 

Atlss  0-3920 

Polyoxyethylene 

fetty  alcohol 

Kush 

Solut Ion 

7 

25 

BrlJ  30 

Polyoxyethylene 

fetty  alcohol 

Liquid 

Solution 

7 

35 

Prlj  35 

Polyoxyethylene 

fetty  alcohol 

lu 

Solution 

6 

35-bO 

Atlss  0-1690 

Pol yoxyethylene 

alkyl  aryl  ather 

Liquid 

Solution 

8 

35-16) 

Atlss  0-1065 

Polyoxyethylene 

sorbitol  ester 

Liquid 

Solution 

6 

30-35  .. 

Atlss  0-1071 

Polyoxyethylene 

sorbitol  ester 

Liquid 

Suspension  ♦ oil 

90 

91 
35 

>100  (30) 

Atlss  0-1077 



Po  1 yo  xye  t h.y  la  ne 

sorbitol  ester 

Liquid 

Suspension 

lb 

35-li5 

Atlss  0-1083 

Polvoxyethylene 

sorbitol  ester 

Liquid 

Solution 

7 

30-35 

Atlss  0-1085 

Polyojgrethylene 

sorbitol  ester 

Liquid 

Solution  or  suspension 

9 

30 

Atlss  0-1086 

Po  1 yo  xyet  hyl  e ne 

sorbitol  ester 

Liquid 

Solution  or  suspension 

9 

35-1-0 

Atlss  0-1087 

Polyoxyethylene 

sorbitol  ester 

Liquid 

Suspension 

6 

30-35 

Atlss  0-1095 

Polyoxyethylene 

sorbitol  ester 

Liquid 

Solution 

8 

30-35 

Atlss  0-1096 

Polyoxyethylene 

sorbitol  ester 

Liquid 

Solution 

11 

30-5C 

Atlss  C— 2139 

Polyoxyethylene 

fatty  acid 

Liquid 

Suspension 

30 

L0-!i5 

Atlss  0-21L0 

Polyoxyethylene 

fatty  acid 

Liquid 

Suspe  .si  on 

12 

05- U) 

Atlss  0 2lU2 

Pc 1 yo xye thy 1 ene 

fatty  acid 

Liquid 

Solution 

3 

35-1)0 

Atlss  O-21U1 

Polyoxye  thylene 

fatty  acid 

Vush 

Solution 

5 

30-35 

Atlss  0-2266 

Polyoxyethylene 

fatty-acid  aster 

Kush 

Suspension 

9 

f 

*J 

30-35 

Atlss  0-2269 

Polyoxyethylene 

fatty-acid  ester 

lu 

Solution 

3 

5 

to 

Atlss  0-1216 

Polyoxyethylene 

tall  oil 

Liquid 

Suspension 

6 

30^5 

Atlss  0-1226 

Po: yo  xyethyl ene 

tall  oil 

Liquid 

Solution 

5 

li 

Atlss  0-123L 

Polyoxyethylene 

reclnoloate 

Liquid 

Solution 

l 

U)-l)5 

Atlss  0-1280 

PolyojQ-ethylene 

recLnoleate 

Wu 

Solution 

U 

30-35 

Atlss  0-271 

Cetlonlc 

Liquid 

Solution  or  suspension 

6 

L0-L5 

Atlss  0-263 

Cetlonlc 

Liquid 

Solution 

li 

35 

(♦  slight  precipitsta) 

1)0 

Atlss  0-650 

Scrbltar  ester 

Liq  lid-mjah 

Suspension 

6 

Atlss  0-91)9 

Sorbltan  ester 

Liquid 

Suspension 

73 

>100 

37 

35-lo 

U3 

— 

Atlss  0-992 

Sorfclten  ester 

Liquid 

Suspend  -i 

h 

30-35 

Arlscsl  C 

Sorblter.  ester 

Liqiid 

Su  spans i * 

8 

30-35 

NNO 

Sorb  1 ten  ester 

Liquid 

Suspension 

11 

30-35  .. 

Spsn  85 

Sorblten  eeter 

Liquid 

Suspension 

61 

16 

100  (25) 

21 

63 

1X1 

37 

35-50 

17 

U5-50 

Atlss  0-3865 

Polyoxyethylene 

fatty  »jtlne 

Liquid 

Solution 

5 

30-1)5 

Atlss  0-3765 

Poly  oxr*' thy  lone 

fatty  amide 

Liquid-cash 

Solution 

16 

35-1)0 

Atlss  0-3300 

Alkyl  aryl  sulfonate 

Liquid 

Solution 

3 

35-U> 

Proscl  307 

Polyflycol  ester 

Liq. id 

Suspension 

72 

>130 

91 

>1X 

Prosol  DO  106 

Polv^lycol  ester 

Liquid 

Suspension  ♦ oil 

99 

>100 

*For  RDX,  30  ca/2  kg. 
**On  5/o  sandpaper. 


TABLE  III 

EFFECT  0?  DeCREAGINO  THE  AKO'JNTS  OF  SORFACE-ACTI VE  AGENTS  ON  TKEIR 
ADSORPTION  ON  RBX 

(Adsorption  on  3.00  g RBX  froa  s sedluB  of  5 *1  scstons  ♦ 10  al  iratsr) 


Run 

Affant 

Type 

I Agsrt 
(RBX  Basis) 

Appearance  of 
Agsnt  In  '<edluB 

< 

Adsorbed 

12/18/2 

Spin  85 

Sorbltan  cstsr 

2.5 

Suspension 

10 

12/23/1 

it 

12/18/3 

Spar  85 

Sorbltan  sstsr 

ca.  1 

Suspension 

7 

12/19/1 

0-9U9 

Sorbltan  sstsr 

2.5 

Suspension 

33 
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TABLE  IV 

HYDRO PHILE-LIPOPHILE  BALANCES  OF  SOLS  S’JRFACE-ACTIVE  AGENTS, 
AND  THEIR  RELATION  TO  AMOUNTS  ADSORBED  ON  RDX  (FROM  TABLE  I) 


% 

% 

Agent 

HLB 

Adsorbed 

Agent 

HLB_ 

Adsorbed 

G-3910 

12.2 

5 

0-21U2 

11.1 

3 

0-3915 

lh.l 

3 

G-21UL 

15.0 

5 

G-3920 

15.2 

7 

G-1216 

8.U 

6 

G— lC6p 

8.5 

4 

vy 

.c  1226 

13.5 

5 

0-1071 

5.3 

85-91 

G-128U 

13.5 

U 

G-1077 

8.0 

lU 

0-1286 

lU.O 

h 

G-1083 

13.8 

7 

G-263 

35-^0 

h 

1 AOr' 

u-iuup 

11.3 

9 

G-650 

2.5 

6 

0-1086 

10.2 

9 

G-9U9 

3.7 

37-73 

G-1087 

9.2 

6 

G-992 

2.7 

h 

0-1095 

12.  )r 

8 

— 

— 

— 

G-1096 

11.  U 

11 

ArTacel  C 

3.7 

8 

G-2139 

5.1 

30 

Span  85 

1.8 

16-63 

G-21U) 

8.0 

12 

0-3865 

13.0 

5 

— — 

— - 

G-3300 

11.7 

3 

THE  COATING  OF  RDX 

1.  Discussion 

a.  Two  samples  of  desensitized  RDX,  S-23U  and  S-235,  pre- 
pared last  quarter,*  have  been  evaluated  by  the  Naval  Ordnance  Laboratory.  The 
RDX  was  densitized  using  a 10%  coating,  applied  from  solution  at  85°C,  of  a co- 
polymer containing  90%  2, 2-dinit robutyl  acrylate  and  10*  2-nitrobutvl  acrylate 
with  2 ,$%  Span  85  as  a wetting  agent.  The  impact  sensitivities  of  A-23^  and 
S-235  were  found  to  be  56  and  U3  centimeters,  respectively.  The  sensitivity  of 
Composition  A by  this  procedure,  in  which  a 2.5-kilogran  reirht  was  used,  was 
59  centimeters.  The  detonation  rate  vs  density  curve  for  e ach  of  these  samples 
will  be  determined  by  NOL. 

b.  A new  batch  of  RDX,  Wabash  Lot  No.  119,  has  been  re- 
ceived. The  desensitization  was  carried  out  in  the  same  manner  as  was  used  on 
S— 23Li  and  S-235*  but  the  results  were  not  as  good.  The  new  RDX  coated  with 
the  co-polymer  gave  a vlue  of  25  to  30  cra/2  kg  on  5/o  sandpaper,  as  compared 
with  the  previous  values  of  30  to  50  cm/2  kg.  This  may  be  attributed  to  the 
fact  that,  the  average  particle  size  of  the  new  batch  of  RDX  is  smaller  than  that 
of  the  old. 
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c.  Six  new  compounds,  3»3,?»7-tetranitro-5-aza-nonane, 

3 , 3 , 5 » 7 , 7-pent  anit ro-5-aza-nonane , ii , h , 8 , 8- tet ranitro-6-aza-unde c ane , 

lj , U ,6 , 8 , 8-pentanitro-6-aza-undec  ane , dimethyl  Li , U,  12 , 12-tetrani tro-7 , 9-diaza- 
6-keto-pentadecanedioate,  and  5,5-dinitrovalerolactone  were  tried  as  coating 
agents  for  RDX,  using  Span  85  as  a wetting  agent.  Some  desensitization  was 
achieved,  the  best  result  being  obtained  with  3,3»5»7,7-pentanitro-5“aza- 
nonane,  -which  gave  an  impact  stability  of  30  to  35  cm/2  kg  on  5/o  sandpaper. 

d.  In  the  evaluation  of  new  surface-active  agents  (III»A) 
some  promising  new  wetting  agents  were  discovered.  Four  of  these  Atlas  wetting 
agents  were  tested  in  the  coating  of  RDX  vrith  poly  2,2-ainitrobutyl  acrylate. 
The  impact  stabilities  of  the  coated  samples  ranged  from  60  to  100  cm/2  kg, 
which  was  an  improvement  over  the  runs  in  which  Span  85  (I.S.  * 60  to  65  cm/2 
kg)  was  used.  These  new  wetting  agents  will  be  evaluated  further,  particularly 
in  the  case  of  the  co-polymer  of  2,2-dinitrobutyl  acrylate  and  2-nitrobutyl 
acrylate. 


2.  Experimental 

a.  In  a 500-ml  resin  pot,  fitted  with  a mechanical  stirrer, 
dropping  funnel,  and  thermometer,  was  placed  50  ml  of  water.  Stirring  was 
started,  the  water  was  heated  to  85°C  on  the  steam  bath,  and  the  wetting  agent 
was  added.  After  two  minutes  the  RDX  was  added.  In  five  minutes  a solution 
of  the  coating  agent  in  25  ml  of  methyl  isobutyl  ketone  (acetone  was  used  as 
the  solvent  in  S-256  and  S-257)  was  added  dropwise.  After  all  the  solvent  had 
been  removed  by  azeotropic  distillation,  the  coated  RDX  was  collected,  washed 
with  water,  and  dried.  The  experimental  results  are  summarized  in  Table  V. 

IV.  DEVELOP'iENT  OF  EOLB  AND  SHELL  CASINOS  EADE  OF  AN  EXPLOSIVE  PLASTIC 


The  third  objective  of  the  explosives  program  is  the  development  of  bomb 
and  shell  casings  made  of  an  explosive  plastic.  Thus,  if  a nitropolymer  were 
used  for  the  casing  instead  of  metal,  the  explosive  plastic  would  contribute 
toward  the  force  of  the  explosion  rather  than  being  merely  dead  weight.  Up  to 
the  present,  this  phase  of  the  program  has  received  little  priority,  since  it 
is  dependent  on  the  progress  made  on  the  synthesis  of  nitropolymers  which  have 
physical  and  mechanical  properties  suitable  for  use  in  a bomb  or  shell  casing. 
Until  the  middle  of  last  year,  the  only  nitropolymers  prepared  were  too  low  in 
molecular  weight  to  possess  enough  physical  and  mechanical  strength  for  use  as 
explosive  plastics.  Recent  work  on  the  nitropolymer  program  has  shown  that  the 
use  of  chelated  metals  as  catalysts  in  polyurethane  formation  has  made  it  pos- 
sible to  obtain  nitropolymers  with  a molecular  weight  of  50,000  which  have  con- 
siderably improved  physical  and  mechanical  properties.*  At  this  point  it  is 
possible  to  initiate  some  work  on  Phase  Three  of  the  explosives  program,  and 
in  the  future  the  development  of  explosjvc  plastics  will  be  reported. 
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TABLE  V 

DESENSITIZATION  OF  RDX 


* I.S.,  cm/2  kg 


Sample 

No. 

Coating 

Agent 

* 

Coating 

Wetting 

Agent 

Wetting 

Agent 

Temp  Water/RDX 
°C  Ratio 

Vo 

Regular  Sandpaper 

S-2U0 

1 

10 

Span  85 

2.5 

85 

2.5/1 

55-60 

__ 

S-2U1 

S-2U2 

90* 

2 

DNBA-* 

10 

Span  85 

2.5 

85 

2.5/1 

100 

30-35 

S-2l435 

10* 

HNBAU 

10 

Span  85 

o.5 

85 

2.5/1 

100 

25 

DNBA 

10 

Span  85 

2.5 

85 

2.5/1 

60-65 

S-2U6 

S-2LL 

O rsd 

/K/p 

DNBA 

DNBA 

10 

Span  85 

2.5 

85 

2.5/1 

60-65 

— 

S — 2U7 
S-2U5 

10* 

fiNBA 

10 

Span  85 

2.5 

85 

2.5/1 

>100 

20-25 

10* 

80* 

NNBA 

DNBA. 

10 

Span  85 

2.5 

85 

2.5/1 

>100 

25-30 

S-2h8 

20* 

HNBA 

10 

Span  85 

2.5 

85 

2.5/1 

>100 

25-30 

20* 

ill  BA 

10 

Span  85 

2.5 

85 

2.5/1 

>100 

25-30 

S-2U9 

20* 

MNBA 

10 

Span  85 

2.5 

85 

12.5/1 

>100 

25-30 

S-250 

6 

10 

Span  85 

2.5 

85 

2.5/1 

>100 

25-30 

S-251 

7 

10 

Span  85 

2.5 

85 

2.5/1 

>100 

25-30 

S-252 

DNBA 

10 

Atlas  G-1077 

2.5 

85 

2.5/1 

75-80 

— 

S-253 

DNBA 

10 

Atlas  G-2139 

2.5 

85 

2.5/1 

75-80 

— 

S-25b 

DNBA 

10 

Atlas  G-9li9 

2.5 

85 

2.5/1 

ICO 

— 

S-255 

DNBA 

10 

Atlas  0-3785 

2.5 

85 

2.5/1 

85-90 

— 

S-256 

8 

10 

Span  85 

2.5 

85 

2.5/1 

60-65 

— 

S-257 

9 

10 

Span  85 

2.5 

85 

2.5/1 

90-95 

— 

3,3,7* 7-Tetranitro-5-aza-nonane. 

2 

3 , 3 , 5 * 7 , 7-Pent  anitro-5-az  a-nonane . 

^2 , 2-Dinitrobutyl  acrylate. 

^2-Nitrobutyl  acrylate. 

'’starting  with  S-2U3  a new  batch  of  RDX,  Wabash  Lot  Ho.  119,  wa3  used. 

6U,U,8, 8-Te tranitro-6-aza-undec ane 

7 

Li , L , 6 , 8 , 8-Pentanitro-6- aza-undec  ane . 

8 

Dimethyl  U,h,12,12-teti'?nitro-7,9-diaza-8-keto-pentadecaneoioate  (Aerojet  Report 
in  press) . 

O 

5,5-Dinitrovalerolactone,  Klager,  J.  Org.  Chem.  16,  l6l  (1951). 
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SPIA/M3 


Pets  Questi  onrYnirs  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  tbe  characteristics  which  are  believed  to  be  of  importance  in  the  atudy  of  a compound 
which  may  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosives.  It  is  not  expected 
that  all  t&is  information  will  be  available  for  everv  compound.  For  example,  with  a compound  showing  poor 
stability,  it  is  probably  not  advisable  ts  investigate  that  compound  farther.  After  placing  such  informat i 
as  is  available  for  a compound  which  you  hare  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLID 
PBOFELLAHT  IHFOHMA.TION  AGEHCY,  AFl/j3Ut  3621  Georgia  Avenne,  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  sasie  or  new  compounds  accrues,  forward  it  on  a similar  form  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  SFIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  expsriasntal  studies.  Zxtra  cooies  ars  available  upon 
request  fro™  SFIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND: 


Namsl>l#l<3,6>6>6-Heptanltro-3-aza-hexane  Information  submitted  by. 

Empirical  formula  | Activity  Aerojet  Engineering  Corporation 

Structure;  (configuration)  " “ " " T m n — ’ -*■  — 

N0„ 


Person  MtBj  Frankf.l  and  L.T.  Carletc: 
Date  jlu  December,  19b  2 


(N02)3CCH2CH2NCH2C(N02)3 

(no2)3cch2ch2nh2«hci  + hoch2c(no2) 

Preparation  reaction(s):  


H 


NaCH 


HNO. 


■>  (no2)3gch2ch2nch2C(no2)3 

no2 

CNO?) 1CCH2CH2^CH2C(N02r 


1.  Quantitative  anaiysis:(4  by  weight) 

Carbon 

Calculated  from  formula  ill. 93 

By  determination  K.91 


Hydrogen 

1.50 

1.60 


28.13 


2.  Burning  propci  ties;  (compered  to  nitrocellulose,  under  nitrogen  et  atmospheric  pressurei) 


(faster?  » lower?  residue?  etc.) 


3,  Stability  and  Sensitivity  plot  any  graphs  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  cf  Explosion 

e.  Temperature  of  Ignition 

f.  

g.  Impact  Stability 

h. 


Recommended  method 

NOIT  OaaHDfttftS 

OS RD  3401  p.8 
NOL  ooaactbtfttiDM 
OSRD  3401  p.6 
NOL  nmnAddkyrtr 


Piacuaa  methods  used  when  they  vary 
from  references.  Give  temperature  used. 
(Use  separate  sheet  if  necessary.) 

2.5-kg  weight 

U8  hr  at  100°C 


Bureau  of  Mine3  Bull . No.  3U6.  p»  72;  2-kg  weight 


Reference  conipound_ 


RESULTS  OF  ABOVE  TESTS 


(deal gnat lon-THT,  Tatryl,  N.C.,  etc.) 

a.  Tetrylj  32  cm/2«$  kg 6.0  cm/2.5  kg 


New  Compound  test  results 


c. 

d. 

e. 

I. 


2e?8-PgZfi 


l90°G 


g.  RDX.  30  cm/2  kg 

ha 


_ 3.-2  cm. 


4.  Heat  of  formation:  (aH)  + -28*1  Kg.  calories  at  26'C..  1 atm.  oressure 

“ rind  lost,  sign) 
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3PLA/TM3 


6. 


By  Experiment 


5. 


Ei^ergj^of  explosion  (9) 


5or.  HjO  liquid) 

Heat  0 i combustion  (Hc) 
(•t  25«'-.  H20  liquid) 


1609 


7.  Specific  Impulse  (Isp)  calc 
8 


By  Calculation 


cal/gm 

cal/gm 


Method 

Deeorletten  er  refamH. 

If  . 


1611 


Aerojet  Report  No.  U17A 


lb-sec/lb 


Physical  form  of  compound  (viscous  llnuld,  crystalline  tyoe,  etc.) 

crysteln  


White  needl»- shaped 


9.  Simple  microscope  analysis  data: 

(crystal  studies) 

10.  DensltyfUaero  aethod)  1.83  gm/rm3.  (Micro  or  other  aethod)  gm/cm^. 

lErolsln  on  sepsrste  sheet  sny  unique  methods  yew  use.) 


11.  Index  of  refraction:  (nn5*0*  ) 12.  Color  13.  Odor  None 


17.  Bolling  point,  or  decomposition  temperature:  *C. 

(underline  which  tewpereture  Is  reported)  ' ‘ 

18.  Heat  of  Vaporlxatloa  g-cal./gm  BTU/Ib. 

19.  Heat  of  Fusion:  g-cal./gm  BTU/lb. 

20.  Melting  point  lili*-lU5  3C. 
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21.  Freezing  point  vs.  Time  Curve:  (71mm  nerk  the  coordinates  with  sc*  1*  values  that  apply  to  the  coapouad 

under  etu dy.) 


22.  Solubility  of  new  compound: 

<0.1 g/100  ml  H2O  at  25*C.  g/100  ml  at 

120 g/100  ml  acetone at *C. 

(mum  eeterlel  used  as  solvent) 

0^6 g/100  ml  toluene ^ ^ at *C. 

(neee  eeterlel  used  es  solvent) 


Wot 


l,l,l,3,6,6,6-Hept«iiitro-3-a*a-bexane  Suspended  in  White  Mineral  Oil 

Tine* 12  ain 
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Under  tcroUbllltii  w*  or*  considering  the  ability  of  two  compounds  to  be  In  lntlwat*  contact  (Note 
0990  5^58  p.  ?l-2 ?}  crrer  a long  period  of  tine  without  adrerae  effects  on  either  the  cheelcal  or  phyalcal 
or one rt lee  of  either  aatsrlsl.  Theae  teata  will  probably  be  of  varied  extent.  They  wight  be  aim*  of 
the  following i (•)  Standard  stability  teata.  (b)  Sinaia  observations  of  exudation  or  aeperwtloo  at 
aablant  or  accelerated  tewnerature.  (c)  Prepare  thin  aheete  (.025*  thick,  1*  aqua  re)  of  the  plaatlclaed 
water  la  1.  Separate  the  aheeta  with  atrloa  of  cigarette  paper  or  carbon  paper  and  eenpreae  the  stack  In 
a «C»  elawp.  After  aewerel  deya  note  the  oily  collection  on  the  osD*r.  Pleeae  gl**  reference  to  or 
deacrlbe  orocedure  ueed.  Ttaa  ?8  la  to  Indicate  reeulte  when  the  cowDound  la  In  contact  with  aowe  watarl- 
•1  othwr  than  ethyl  celluloee , nltrocelluloee  or  rubber. 


25.  CompatabUlty  with  ethyl  cellulose: 


26.  CompatabUlty  with  nitrocellulose: 


27.  CompatabUlty  with  rubber: 


28.  CompatabUlty  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  (»lth  additives)  ' 

(c)  Inhibiting  action  on  polymerization  of: 

Thioteol  

Methacrylate  

Other  compounds  

SO.  Arm  liability 

a.  Amount  now  available?  Research  quantities 

b.  When  was  available  material  first  prepared?  ~ 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  In  existance,  lbs /day? 

f.  OuUtne  steps  for  a quantity  production  method  


SI.  Additional  information:  (tericlty,  ha  is  Ms,  deterioration,  oxygwn  balance,  detonation  rwtw,  explosive 

powar,  of  hydrolysis  by  wwtsr,  stc.  List  rwfsrsncss,  reports,  data  books,  ate,  that  rsfsr  to  tbs 

cawnouad.) 

gen  bal'Ah&A  ■ +U — 


When  culluatefl  to  zero  oxygen  balance  ^rith  j#  TOT,  the  calculated  laafl- 
io>.  .rd  wain*  is  Kli  | 


vnlllA  A I 
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rats  Quest!  onnelre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Lissmd  below  are  the  characteristics  which  ars  believed  to  be  of  importance  in  the  study  of  & compound 
which  may  possibly  he  used  as  & constituent  of  solid  propellants  or  other  explosivee.  It  is  not  expected 
that  all  this  information  will  be  available  for  every  ooapound.  For  example,  with  a compound  showing  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  ooapound  farther.  After  placing  such  inxormatiox 
as  is  available  for  a Compound  which  you  hare  prepared  or  tested  on  one  of  these  fores,  send  it  to  SOLID 
PROPEL  LAST  INFORMATION  AGENCY,  AFl/jHU,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  same  or  new  .oapounds  accrues,  forward  it  on  a similar  fora  at  a later  date.  The  information 
submitted  on  these  forme  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  fora.  These  forms 
nay  also  be  used  as  work  or  data  sheets  for  ycur  experimental  studies.  Extra  cooiee  ars  available  upon 
request  froa  SPIA.  Suggestions  for  improvement  of  these  forms  ars  invited.  If  Insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND: 

Namel,ltltU,6,6-Hexanltro-U-aza-heptane 

Empirical  formula  C^H^N^Ot? 


Structure:  (configuration) 

Nu2  ho2 

(N02)3CCH2CH2NCH2CCH3 


Information  submitted  by: 

Activity  Aero.let  Engineering  Corporation 
Person  M.B.  Frankel  and  L.T.  Car let on 
Date  IQ  December..  19^ 2_  


NO, 


NO, 


(N02)  CCH2CR2NH2*HC1  + HOCH2CCH3  Na0ij)  (N02)3Cffl2CH2NCH2CCH3  ^ (NO^CCt^CH^CI^CCI^ 


NO 


2 HNO. 


no2  no2 


^reparation  reactionist  NO^> 

.JiQg 

Hi 

1.  Quantitative  analysis:(N  by  weight) 

Carbon 

"fflr 

SEB 

Nitrogen 

Calculated  from  formula  19.U1 

26.U2 

By  determination  19.90 

..  :;.2.52 

26.91 

Burning  properties: (compered  to  nitrocellulose,  under  nitrogen  et  atmospheric  preseurei) 

residue?  etc. ) 
on 

separate  sheet 

Recommended  method 


(faster?  slower? 
3.  Stability  and  Sensitivity:  plot  any  graphs  on 


Discuss  methods  used  when  they  vary 
from  references.  Give  temperature  used, 
(use  separate  sheet  if  necessary.) 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g.  Impact  Stability 

h. 


NOL  09BDDB386 

OSRD  3401  p.8 
NOL  <mBc&Wao& 
OSRD  3401  p.6 

NOL  XMaBdMtkirt 


2,$-kg  weight 


li6  hr  Cor  less)  at  100°C~ 


Bureau  or  Mines  Bull . No.  3U6,  p.  7^;  ^-kg  welgfvt" 


Reference  compound^ 


RESULTS  OF  ABOVE  TESTS 


(deslgnation-TNT,  Tetryl,  N.C.,  etc. 

a.  Tetryl.  32  cm/2e5>  kg 

»». : 

c. 

d.  

e.  

f.  

e*  R cw/2.  kg 

h. 


New  Compound  test  results 

17. U cm/2,^  kg  

>30  cc/g  in  2$~hr~ 

210UC 


■35-liQ  .cm/2.k£. 


Heat  of  formatl »:  (aH)  + ~1807 Kg.  calories  at  2B')C.,  1 atm.  pressure 

(indicate  sign) 
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By  Experiment 


By  Calculation 


5.  Energy  of  explosion  (Q) 

let  25<*\  H20  liquid)  

6.  Heat  of  combustion  (Hc) 

(at  25«\  H20  liquid) 

7.  Specific  Impulse  (Isj^  calc: 


cal/gm  _ 

cal/gm  _ 

lb -sec /lb 


Method 

Daaorltilo  or  rifimet . S«^mU 
llail  If  MMIMf}'. 


8.  Physical  form  Of  compound  (viscous  linuld,  crystalline  tyoe,  etc.) 


9.  Simple  microscope  analysis  data:  

(cryatal  studies) 

10.  DensltyfMa  cro  method)  1.65  ym/cm).  (Micro  or  other  method)  gm/cm3. 

(trolaln  on  separate  ahaet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (n^°C'  ) 12.  Color  13.  Odor  None 

14.  pH  at  25\).  U.L  (Method  reference  CbfD  3401  r..4,  or  05  HD  59W.  Indloste  method  used,  l.e. 

solvent  and  concentrations  used.  pH  lndloetor  oaoer  or  Beckman  p B me.er.)  Beckman  pH 


meter:  O.OOllilf  in  acetone/water  (5/1  volume  ratio 
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21.  Freezing  point  vs.  Time  Curve:  (FImh  aark  the  coordinate*  with  scale  value*  that  *opl;  to  the  coepouad 

under  study.) 


22.  Solubility  of  new  compound: 

<0.1 g/100  ml  H20  at  25°C.  g/100  ml  H20  at *C. 

^ g/100  ml  acetone at  25  *C. 

(nia  Mtarla.1  uaed  a*  solvent) 

luO g/ioo  ml  toluene , »t  25  *C. 

(n*M  net#  rial  uaed  a*  solvent} 


WM  > «• 


l4l,l,lj,  6, 6-Hexanitro-h-asa- heptane  Suspended  In  White  Mineral  Oil 

Time- 12  min 

Page  7 

CONFIDENTIAL  Appendix 


CONFIDENTIAl 


Report  Ho.  682 

SPIA/H3 


tJndar  cow  oa  tab!  lit*  we  ere  considering  the  ability  of  t*o  cowpounda  to  be  In  intlwete  contact  (Mote 
CSJffi  5758  p.  21-22;  orer  a long  period  of  tine  without  adverse  affects  on  either  the  chewleal  or  phyaleal 
orooertiea  of  either  Material.  These  teata  will  probably  be  of  vart>d  extent.  They  wight  be  ease  of 
the  following!  (e)  Standard  stability  teata.  (b)  Slwole  obseraotlona  of  exudation  or  separation  at 
awblent  or  accelerated  teaoerotnre.  (c)  Prepare  thin  sheets  (.025*  thick,  1*  square'  of  the  plasticised 
aaterial.  Separate  the  sheets  with  atrloa  of  cigarette  paper  or  carbon  paper  and  eoetpraea  the  stack  In 
a *0*  clasp.  After  several  days  note  the  oily  collection  on  the  oa par . Please  give  reference  to  or 
describe  procedure  used.  Ttea  28  la  to  Indicate  results  when  the  cowoound  la  In  contact  with  aoat  Materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Computability  with  ethyl  cellulose: 


26.  Compatibility  with  nitrocellulose: 


27.  Compatibility  with  rubber: 


28.  Compatibility  with 


29. 


30. 


Polymerizing  properties  of  the  new  compound: 

(a)  By  itself 

(b)  In  mixtures  ("tth  eddltlvee)  ZUZZHZ- 

(c)  Inhibiting  action  on  polymerization  af: 

Thiokol  

Methacrylate  

Other  compounds  


Availability 

a.  Amount  now  available?  Research  quantities 

b.  When  was  available  material  first  prepared  7 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  In  exlstance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information:  (toxicity,  hasafds,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

poser,  eeae  of  hydrolyela  by  eater,  etc.  List  reference*,  reporta,  data  books,  ate.  that  rafar  to  the 
ccwpound.)  
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Pets  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  ms  toe  characteristics  which  are  believed  to  be  of  importance  in  the  study  of  a compound 
which  mey  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosives.  It  isnot  expected 
that  all  this  information  will  be  available  for  every  compound.  Tor  example,  with  a compound  shoving  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  compound  farther*  After  placing  suoh  information 
as  is  available  for  a compound  which  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLIS 
PROPEL  LAST  IlTFOHMAflOH  AGENCY,  APl/jHU,  S^l  Georgia  Avenne,  Silver  Soring,  Maryland.  Ac  additional  infor- 
mation on  the  same  or  new  compound's  accrues,  forward  it  on  a similar  fora  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  3PIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  sxpsrimental  studies.  Extra  cooies  ars  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  ars  invited.  If  Insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND: 

Name! ♦ 1, 1,  3»  6, 6-Hexanitro-3-az a-heptane 
E mplrlcai  formula  C^HpNyQ-ip  


Structure:  (configuration) 


NO. 


N02 


Information  submitted  by 

Activity  Aerojet  Engineering  Corporation 
Person  M.B.  Frankel  and  L.t.  Carleton 
Date  10  December,  1962 


CH3CCH2CH2NCH2C( N02 ) . 


no2 


H 

I 


no2  no2 

CH3CCH2CH2NH2.HC1  + H0CH2C(NO2)  ■N-a0I->  CH3CCH2CH2NCH2C(N02) 

Preparation  reaction(s):  ' 

no2 


HNO. 


NOp  NOo 

> I I c 

CH3CCH2CH2NCH2C(N02)3 

no2  


no? 


1.  Quantitative  analysis:(<  by  weight) 

Carbon 

Calculated  from  formula  19.^1 

20.18 


By  determination 


H tss 

LB 


en 


Oxygen 

51.73 


Nitrogen 

26. U2 


2.  Burning  properties:  (coopered  to  nitrocellulose,  under  nitrogen  et  etmoepheric  pressure  i) 


(fester?  slower?  residue?  etc. ) 


3.  Stability  and  Sensitivity  Piot  8ny  graphs  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g-  Impact  Stability 

h. 


Recommended  method 

NU.L  96HDCXKS 

OSRD  3401  p.8 

NOL 

OSRD  3401  p.6 

NOL 


Piscuss  methods  used  when  they  vary 
from  references.  Give  tempers ture  used. 
(Use  ssperv  e sheet  if  necessary.) 

2.<-kg  weight 

hr  (or  less)  at  '100^0 


Bureau  of  Mines  Bull.  No.  3li6.  p.  72:  2-kg  weight 


Reference  compound_ 


results  of  above  tests 


(dsslgnst^on-TRT,  Tetryl,  N.C.,  etc.) 

a.  Tetiyil,  32  cny2.$  kg 

b.  

c. 

d.  

e.  

f.  

s-  -ED2.-3Q  .cir/2  kg 

h. 


New  Compound  test  results 

19.6  cm/2,5  kg 


>30  cc/g  in  2-1/2  hr 


17  3°C 


26  cm/ 2 kg_ 


Heat  of  formation:  (hH)  + *‘39. 8 Kg.  calories  at  1 atm.  pressure 

(indicate  sign) 
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By  Experiment 


By  Calculation 


Method 

t»eorip%ie»  «r  nfimo*. 
•Mil  if  momiat/. 


i.  Energy  of  explosion  (Q)  cal/gm  “ * ** 

(•t  550c,  H20  llculd ) * 

6.  Heat  of  combustion  (H^)  22Ul  cal/gm  2232  Aerojet  Report  No.  Ul7A 

(at  25«\  H20  liquid)  

7.  Specific  Impulse  (I8p)  calc: Ib-sec/lb 

8.  Physical  for  m of  compound  (viscous  liquid,  crystalline  tyoa,  etc.)  Ycllgwt  prlgMfttlo  crystals 


9.  Simple  microscope  analysis  data: 

(crystal  studies) 

10.  Density!**  cro  aathod)  1»  * * am/cm^.  (Micro  or  other  method; gm/cm3. 

(tmlaln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (n?5*2*  ) 12.  Color 13.  Odor  none . 

14.  pH  at  25°C.  3»7  (Method  reference  CKRD  3401  o.4,  or  OSJffl  59W.  Indicate  methodised,  l.a. 

solvent  and  concentrations  used.  pH  Indicator  oeoer  or  Seckaaa  pfi  meter.  ) Bectamn  pH  reten 

Q.020M  in  acetone/we ter  (5/1  toIubm  ratio) 


Civerlelca  •*  1 .l.l.>.fr.e-i»Mll#»- )•— »•  BUuwel 


17.  Bolling  point,  or  decomposition  temperature:  decomposes  on  Belting 

(underline  ahieh  temperature  is  raoortad) 

18.  Heat  of  Vaporization:  g-cal./gm  


19.  Heat  of  Fusion: 


g-cal./gm 


. BTU/lb. 
BTU/lb. 


20.  Melting  point  105-107  *C. 
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21.  Freerlng  point  vs.  Time  Curve:  (Pleaee  aark  tha  coordinates  with  aeala  valuaa  that  apply  to  the  eoapouad 

under  study.) 


TIME 


22.  Solubility  at  new  compound: 

<0.1 g/100  ml  H20  at  2S“C.  g/100  ml  H20  at 

120 g/100  ml  acetone , at  3> *c. 

(naaa  aatarial  uaad  aa  advent) 

1«2 g/ioo  mi  toluene ^ ^ at  25 *C. 

(naaa  aaterlal  uaad  aa  advent) 


W#«e  l 1 m 


1, 1, 1. 3» 6, 6-Hexanitro-3-a*a-heptane  Suspended  In  White  Mineral  Oil 

Tlae”12  dn 
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Under  compatibility  ee  are  considering  the  ability  of  tao  compounds  to  ba  In  lntlaete  contact  (Note 
OSKD  575°  p.  21-22}  over  a long  period  of  time  althout  adverse  affects  on  either  the  chealcel  or  phyalcal 
nrooartlaa  of  either  aaterlil.  These  testa  will  probably  be  of  varied  extent.  They  eight  be  eaa*  of 
the  following!  (a)  'Standard  stability  taste,  (b)  Staple  observe tl ona  of  exudation  or  separation  at 
aablent  or  accelerated  temperature,  (c)  Prepare  thin  sheeta  (.025*  thick,  1*  square)  of  the  plastic  lied 
■ate rial.  Separata  tha  atiaata  elth  strloa  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  In 
a claap.  After  several  days  note  tha  oily  collection  on  the  oapar.  Pleese  give  reference  to  or 
deecrlbe  procedure  used.  Itea  28  Is  to  Indicate  results  when  the  compound  la  In  contact  altb  scat  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatablllty  with  ethyl  cellulose: 


26.  Compatablllty  with  nitrocellulose: 


27.  Compatablllty  with  rubber: 


28.  Compatablllty  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  («ith  additives)  

(c)  Inhibiting  action  on  polymerization  at: 

Thlokol  

Methacrylate 

Other  compounds  

30.  Availability 

a.  Amount  now  available? Research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time? 

d.  Is  large  production  feasible?  

e.  Plant  capacity  In  extstance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  hetafde,  deterioration,  oxygen  balance,  detonation  rata,  explosive 

P <»er,  ease  of  hydrolyala  by  aster,  etc.  List  references,  reporta,  data  books,  ate.  that  refer  to  the 
compound. ) 


Calculated  "Lead  Biock~7gH»  ■ 167 
uaicux&ted  Ballistic  Itortfir  Valuu 


Method  61  Report  NO. 

p A 
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Date  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  t'i=  characteristics  mien  are  believed  to  be  of  importance  in  the  study  of  a compound 
-which  nay  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosives.  It  is  not  expected 
that  all  this  infornation  will  be  available  for  every  compound.  For  example , with  a compound  showing  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  such  infornation 
as  is  available  for  a compound  which  vou  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLID 
PBOFELLABT  INFORMATION  AGENCY,  AH/ JHtf,  8621  Georgia  Avenue,  Silver  Spring,  Maryland.  As  additional  Infor- 
mation on  the  Rama  nr  n-v  compounds  accrues,  forward  it  on  a similar  form  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  fora.  These  forme 
say  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  copies  ars  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  thase  forms  are  invited.  If  insufficient  space  has  been 
provided  for  any  item, "attach  separate  sheets. 


COMPOUND:  1 » 3 ! * 3 ! -Trinit roprupyi- 

Name  3»  3»  5-tetranitropiperidine 

E mpirlcal  formula 
Structure:  (configuration) 

NOo  ^CHo  N02 

Nc/ 

no2  i I vno2 

ch2  ch2 

""  N ' 


Information  submitted  by: 

Activity  Aerojet  Engineering  Corporation 
Person  M.B.  Frankel  and  L.T.  Carleton 

Datf  6 February.  1953 

^02  1 


(N02)^GCH2CH2NH2*HC1  + ch2-  cch2oh 

NO, 


NaOH 


» I 


J, 


CH2CH2(HN02)3 

(I) 

1.  Quantitative  analysis:(<  by  weight} 

Carbon 

Calculated  from  formula  21 .7  3 
By  determination  21.  33 


Hyc^en  C^n  Nitroge 

I ' 


2729 


2.  Burning  properties:(corepared  to  nltrocelluloee,  under  nitrogen  st  atmospheric  pressurei) 


(fester?  Slower?  residue?  etc.) 


3.  Stability  and  Sensitivity  plot  eny  graphs  on 

sepsrats  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  Impact  Stability 

E- 

h. 


Discuss  methods  used  when  they  vsry 
from  references.  Give  temperature  used. 
(Use  seperwte  sheet  if  necessary.) 

2,g -kg  weight 

U8"Rr"at  TUU°C 


Recommended  method 

NGL 

OSRD  3401  p.8 

NOL  t*axxx«XKpa* 

OSRD  3401  p.6 

OSRD  3401  p.6  

Bureau  of  Mines  Bull . No.  3^6,  p.  Y2  (2-kg  weight) 


Reference  compound^ 


RESULTS  OF  ABOVE  TESTS 


(dsslgiiitiou-TnT , Tetryl,  N.C.,  etc.) 

a.  Tetryl,  32  cm/2.£  kg  29  cm/ 2 kg 

h.  " ' ‘ “ ‘ 

c. 

d. 

e. 


New  Compound  test  results 


f.  ITPX,  30  cm/2  kg 


g- 

h. 


. >3 Q.  .caZg_ 


HEH  ca/2  kg 


Heat  of  formation:  (aH)  + ~60 Kg.  calories  at  25t.,  1 atm.  pressure 

(indicate  sign) 
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By  Experiment  By  Calculation  Method 

na*erl*tl«k  «r  itftmw. 

. ...  /AV  . , Ikllt  If  KHMUfl. 

5.  Energy  of  explosion  (Q)  cal/gm 

(•t  Sfor.  h30  liquid)  6 

8.  Heat  of  combustion  (HA)  23  38  cal/gm  2392  Aerojet  Report  Mo.  Ul7A 

(•t  25<r.  H20  liquid) 

7.  Specific  Impulse  (Isp)  calc:  lb-sec/lb 

8.  Physical  form  of  compound  (viscous  liquid,  crystalline  tyoe,  ate.)  Prig  Be  tip  white 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensltyfMacro  aethod)  1.703  gm/rfr>3.  (Micro  or  other  method)  gm/cm3. 

(txolalr.  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (n^5*2,  ) 12.  Color  white  13.  Odor  acid 


14.  pH  at  25°C.  2.U  (Method  reference  CbRD  HOI  0.4,  or  OSTD  5%«.  Indicate  me_thod  used.  He. 

solvent  end  concentrations  usad,  pH  Indicator  oaoar  or  Beckman  pH  meter.)  wjj  pH 

meter  In  0.03UM  ecetone/weter  (5/1  voluae  ratio) 


17.  Boiling  point,  or  decomposition  temperature:  decoaposes  on  melting  ^ 

(underline  which  temperature  la  reoorted)  ' — 

18.  Heat  of  Vaporisation: g-cal./gm  BTU/lb. 

19.  Heat  of  Fusion:  ___  g-cal./gm BTU/lb. 

20.  Melting  point  1UU-1U6  *C.  (d) 
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21.  Freezing  point  vs.  Time  Curve:  (PInh  aa rk  the  eoordlnetee  with  acele  values  that  apply  to  tb«  ecapmoai 

tinder  study. ) 


0 

a 

LkJ 

cr 

3 

h- 
< 
a : 

— 

— 

— 
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— 
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■ 

■ 

i 

B 

t- 

■ 

■ 

■ 

1 

■ 

■ 

■ 

g 

■ 

■ 

■ 

■ 

□ 

■ 

TIME 


22.  Solubility  of  new  compound: 

<0.1 g/100  ml  H2O  at  25*C. 


3.5 


g/100  ml  toluene 


220 


(naae  eater  ial  used  aa  solvent) 

g/100  ml  acetone 

(naae  esterlel  used  sa  solvent ^ 


g/100  ml  H20  at 

at 

at 


_25_ 


_25L 


"c. 

•c. 

■c. 


1 


N-3‘»  3*»  3'-Trinitropropyl-3»  3»5»5-tetranitropiperidine 
Suspended  in  White  Mineral  Oil 
Tine* 12  min 


CONFIDENTIAL 
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Under  coaoatebilltr  ee  are  considering  the  ability  of  two  ccmoounit  Lj  ua  in  incleete  contact  (Note 
DSHD  5?5$  p.  Pl-22;  over  a Ion*  period  of  tine  without  adverse  affects  on  either  the  chenlcel  or  phyalcal 
nrooertles  of  either  aaterlel.  **haaa  teats  will  probably  be  of  varied  extant.  They  night  be  sane  of 
the  folloelngi  (s)  Standard  stability  testa,  (b)  Slaols  observations  of  exudation  or  separation  at 
aablant  or  accelerated  taaoeretura.  (c)  Prepare  thin  abaeta  (.025*  thick,  1"  square)  of  the  plasticised 
aaterlel.  Separate  the  aheata  with  otrloa  of  cigarette  paper  c-  carbon  paper  and  c empress  the  stack  In 
a "C*  claap.  After  several  days  note  the  oily  collection  on  the  oaper.  Pleeae  give  reference  to  or 
describe  procedure  used.  Itaa  28  la  to  lndlcsta  results  when  the  coaoound  la  In  contact  with  sc ate  nsterl- 
al  other  than  ethyl  cellulose,  nltrorelluloes  or  rubber. 


25.  Compatability  with  ethyl  cellulose: 


28.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  (vith  additives)  ^ZZZ^HZZZZ!^ZZZZZZZ^I^^ZZZZI^Z 

(c)  Inhibiting  action  on  polymerization  of: 

Thlokol 

Methacrylate 

Other  compounds  

SO.  Availability 

a.  Amount  now  available?  Research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  In  existance,  lbs /day? 

f.  Outline  steps  fur  a quantity  production  method  


31.  Additional  Information:  (toxicity,  hetefds,  deterioration,  oxygen  balance,  detonation  rets,  explosive 

pcaer,  sees  of  hydrolyela  by  vater,  etc.  list  references,  reports,  data  books,  ate.  that  refer  to  tba 
compound.)  


Calculated  Lead  bloctc  Value  ~ 1SS 


i* 


Malllatld  M6TUT  TAH18  - 1*2 


Method  of  AAPo.ldt,  RAftOrt  WO.  $17,  p.  ~8 
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Pats  Quest!  on  ns  ire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listsc.  b<*Tow  are  tlx*  characteristics  which  are  bslisvad  to  be  a#  innortancs  in  the  study  oi  a coapouad 
'-'hi .:k  possibly  ba  used  as  a constituent  of  solid  propellants  or  other  explosives.  It  is  not  expected 
that  all  this  Information  will  be  available  for  every  compound,  ror  example,  with  a compound  showing  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  each  inxormatior 
as  i 8 available  for  a compound  which  you  have  prepared  or  testae,  on  one  of  these  forms,  send  it  to  SOLID 
PBOPELLAtl  imrOHMAflOB  AGEBCY,  AFl/jHU,  8621  Georgia  Avenue,  Silver  Spring,  Maryland.  As  additional  infor- 
mation on  the  sane  or  new  coapounds  accrues,  forward  it  on  a similar  form  at  a later  date,  fhe  information 
subaitted  on  these  forms  will  be  rewritten  and  published  bv  SPIA  in  loose-leaf  manual  form.  These  forms 
say  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  copies  are  available  upon 
request  from  SPIA.  Suggestions  for  itsprovement  of  these  forms  are  invited.  If  insufficient  space  has  b«*«n 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND: 

Name  3»  3. 3-Trinitropropyl 


Amine 


Empirical  formula  CgHyNgOo 

Structure:  (configuration) 


( N02 ) 3CCH2CH2NH2  *hno3 


Information  submitted  by. 

Activity  Aerojet  Engineering  Corporation 
Person  M.B.  Frankel  and  L.T.  Carleton 
Date  6 February.  1953 


(N02)3CCH2CH2NC0  + HNO3  + H20 


(no2)3cch2ch2nr2-hno3  + C02 


Preparation  reaction(s): 


1.  Quantitative  analysls:(£  by  we  ight) 

Carbon 

Calculated  from  formula  lU.Ql 
By  determination  1U.O9 


Hydrogen 

Hl8Q~~ 


Oxygen 

56.01 


Nitrogen 

27. & 

...26^5- 


2.  Burning  properties: (corapa red  to  nitrocellulose,  under  nitrogen  st  stmoepherlc  pressurei) 


(faster?  slower?  residue?  etc.) 


3.  Stability  and  Sensitivity.  plot  ,ny  graoha  on 

separate  sheet 


Name  of  test 

Recommended  method 

a. 

Impact  Sensitivity 

NOL  Tosaxsae 

b. 

Thermal  Stability 

08 RD  3401  p.S 

c. 

Vacuum  Stability 

NOL  XDGKDcItajcjUCt 

d. 

Temperature  of  Explosion 

OSRD  3401  p.6 

e. 

Temperature  at  Ignition 
Impact  Stability 

08 RD  3401  p.8 

f. 

Bureau  of  Mines  Bull. 

g. 

h. 

Discus*  "ethods  used  when  they  very 
frem  re.Vrencea,  Give  temperature  used. 
(Dse  separate  sheet  if  necessary.) 

2.5-kg  weight 

U8  hr  at  100  °U 


Reference  compound 


RESULTS  OF  ABOVE  TESTS 


_ >3°  cc/g 


(dseignation-TNT , Tstryl,  N.C.,  etc.) 

a.  Tetxyl,  32  cn/2.5  kg  10  cm/2.5  kg 

h. 

c.  

d.  

e.  

f-  RDX.  i0  cm/2  kg 

g- 

h. 


New  Compound  test  results 


30-40  cm/ 2 kg 


4.  Heat  of  formation:  (A.H)  + ~95  Kg.  calories  at  XBt.,  1 atm.  pressure 

(indlceta  signj 
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By  Experiment 


By  Calculation 


5.  Energy  ol  explosion  (Q)  cai/'gm 

(at  25<*\  H?o  Uculd)  * 

6.  Heat  of  combustion  (H,.)  1657  cal/gm  1706  Aerojet  Re 

(at  25°r.  H?0  liquid) 

7.  Specific  Impulse  (Isp)  calc:  lb-sec/lb 

8.  Physical  form  of  compound  (vlacojs  liquid,  crystalline  tyoe,  ate.)  White  crystals 


Method 

DiioriviltB  or  rofovoooo.  3«p*x*te 
• heel  If  MoaiiAtY. 


Aerojet  Report  Mo.  Ll7A 


9.  Simple  microscope  analysis  data:  

(crystal  atudiaa)  . 

10.  DensilyfUacro  ®ethod)  1.77 U gm/cm3.  (Micro  or  other  •ethod) gm/cm3. 

(Em  la  In  on  separate  sheet  sny  unique  jethoos  you  use.) 


13.  Odor  none 


11.  Index  of  refraction:  (n^5*2,  ) 12.  Color  white  13.  Odor  none 

14.  pH  at  25\;.  3.3  (Method  reference  CbRD  3401  o.4,  or  05RD  S96B.  Indle^^a^ihcx}  uaad, 

advent  and  concentrations  uaad.  pH  Indicator  oa oar  or  Bacloaaa  pB  eetar.)  With  BeClmen  j 

meter  in  0.C311I  acetone/water  (5/l  volume  ratio 


l v VMaimnri  ^ — hvm  u Hurt 


17.  Bolling  point,  or  decomposition  temperature: 

(underline  which  temperature  la  reoorted ) 

18.  Heat  of  Vaporization:  g 


decoapoees  on  melting 


19.  Heat  of  Fusion: 


20.  Melting  point  132-1 3U  *C.  (d) 


g-cal./gm 

g-cal./gm 


BTU/lb. 

BTU/lb. 
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21.  F reeling  point  vs.  Time  Curve:  (?1mh  m rk  the  coorrilnataa  aith  acala  valuaa  that  apply  to  tbe  coapouad 

under  atudy.) 

* 


TIME 


22.  Solubility  of  new  compound: 


32 

<0.1 
170  . 


g/100  ml  H20  at  aST.  g/ ICO  ml  HjO  at *C. 

g/100  ml  toluene at  2$  *C. 

(naaa  Material  uaed  aa  aolYant) 

g/ioo  ml  acetone ^ ^ at  25  t. 

(naae  aatarlal  need  aa  solvent) 


N^aean  - <- 


Redt  3»  3.  3-Trinltropropyl  1ml ne  Nitrate  Suspended  in  White  Mineral  Oil 

Bluet  White  Mineral  Oil 
Time*12  min 


CONFI  DENTIAL 
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0odsr  coops  tab! IHt  **  i re  considering  the  ability  of  teo  compounds  to  be  In  Intimate  contact  (Note 
OSJtD  575S  p.  71-22 J over  a Ion?  period  of  tine  without  adverse  effects  on  either  the  chemical  or  phyalcal 
nrooartlea  of  either  material.  These  testa  »111  "probably  be  of  varied  extent.  They  might  be  same  of 
the  follomlngt  (e)  Standard  stability  teats,  (b)  Siaolm  observations  of  exudation  or  separation  at 
aablent  or  acsalerated  temperature.  (c)  Prepare  thin  aheets  thick,  1*  square)  of  the  plasticised 

material.  Separate  the  sheets  elth  strloa  of  cigarette  paper  or  carbon  paper  and  compress  the  atsek  In 
• “C*  clamp.  After  several  days  note  the  oily  collection  on  the  oepar.  Please  give  reference  to  or 
describe  procedure  used.  Item  7ft  la  to  Indicate  results  when  the  compound  la  In  contact  with  some  materi- 
al other  than  ethyl  celluiwww,  nitrocellulose  or  ruooer. 


25.  Compatibility  with  ethyl  cellulose: 


20.  Compatibility  with  nitroce'lulose: 


27.  Compatibility  with  rubber: 


28.  Compatibility  with 


20.  Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  (»lth  additives)  ^HZZZZZZZZIZIIZZIZIZZZIZZ^IZ 

(c)  Inhibiting  action  on  polymerization  of: 

Thlokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available? Research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time? 

d.  Is  large  production  feasible?  

e.  Plant  capacity  In  extstance,  ibs/day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information:  (toxicity,  batafda,  deterioration,  oxygen  ba Lancs , detonation  rata,  exploelvs 

poser,  saaa  of  hydrolysis  by  water,  ate.  List  rafsrsncas,  reports,  data  books,  etc.  that  refer  to  the 
ccopound.) _ 


Lead  Block  THiriTr 


•njKFin1 


T«iiiati<rg>rur  v&iue  lUir 


Method  of  Aei^ojOt  Rgport  WO.  51?,  "p,  8 
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Date  Questionnaire  ob 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  t.de  characteristics  which  are  believed  to  be  of  importance  in  the  study  of  a coapound 
.<hxch  may  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosivee.  It  is  not  expected 
that  all  this  information  will  be  available  for  every  compound.  For  example , with  a coapound  shoving  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  coapound  farther.  After  placing  such  inxoraatio 
as  is  available  for  a coapound  which  vou  have  prepared  or  tasted  on  one  of  thaae  forms,  sand  it  to  SOLID 
PHOPELLAFr  imrGHMATICN  AGENCY , AFI/JHU,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  sane  or  new  compounds  accrues,  forward  it  on  a similar  fora  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  fora.  These  forms 
may  also  be  used,  as  work  or  data  sheets  for  your  experimental  studies.  Extra  cooies  ars  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  Insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


C OM 3* 5*7, 7 -Pentanitro-5 -aza-nonane 

E mpir leal  formula  jiN^UiQ  ~ 

Structure: (configuration)  r NOp  ~ I 


CH3CH2CCH2  -®i02 
- ' no2J 


2CH3CR2CCH2OH  + NH^OCOCHj 
Preparation  reactlon(s):  J 


Information  submitted  by: 

Activity  Aerojet  Engineering  Corporation 
Person  M.B.  Frankel  arid  L/T.  Carle  ton 
Date  6 February,  195 i 


^°2  ~ 1 HNG-  i ?°2 

CH3CH2CCH2  -NH  ch3ch2cch2  I ~nno2 

1 ! N02  j 


1.  Quantitative  analysls:(<  by  weight) 

Carbon  Hydrogen  Oxygen  Nitrogen  

Calculated  from  formula  27 .12  3.98  4 5 .3-7  23.73 

By  determination  27 .17  3.72  22 ,7U  

2.  Burning  proper  ties:  (compered  tc  nitrocellulose,  under  nitrogen  »t  etmoepilerlc  preeeurei) 


(faster?  slower? 
3.  Stability  and  Sensitivity:  Plot  any  graphs  on 

separate  sheet 


residue? etc.] 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  Impact  Stability 


Discuss  methods  used  when  they  very 
from  references.  Give  temperature  used. 
(Ose  seperete  sheet  if  Decessary.) 


Recommended  method 

nol  aamxSxt  2.5 

06 RD  3401  p.8  

nol  u8~ 

OSRD  3401  p.8 

06 RD  3401  p.6  

bureau  of  Mines  Bull.  No. 


2. 5 -kg  weight 


5ULTS  OF  ABOVE  TESTS 


Reference  compound 

(dsslgnation-TNT , Tetryl,  N.C.,  etc.) 

a.  Tetryl,  32  cw2  kg  

h. 

c. 

d.  

f.  RDX,  30  cm/2  kg 

K- 

h. 


New  Compound  test  results 


80  cm/2.5  kg 


4.  Heat  of  formation:  (aH)  + 


Kg.  calories  at  25t.,  1 atm.  pressure 
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By  Experiment  By  Calculation 

5.  Energy  of  explosioc.  (O)  cal/gm 

let  55°''.  H20  liquid) 6 

6.  Heat  of  combustion  (Hr)  32 3^  - cal/gm  3290 

(at  25ar.  «20  liquid) 

7.  Specific  Impulse  (Isp)  calc:  lb-sec/lb 


Method 

DtiorlilUt  or  roforoMO.  8*fOiol« 
•kill  if  »oooto**7. 


Aerojet  Report  Mo.  Ul7A 


8.  Physical  form  of  compound  (viscous  liquid,  crystalline  tyoe,  etc.)  Flaky  white  crystals 


8.  Simple  microscope  analysis  data: 

(crystal  studies) 

10.  DensttyiKaero  method)  1.707  gm/rm3.  (Micro  or  other  method)  gm/cm3. 

lEmleln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (n^*c*)  12.  Color  white  13.  Odor  Pone 


14.  pH  at  25°C.  5.8  (Method  reference  CtiftD  3401  n.4,  or  OSRD  596S.  Indicate  method  used,  l.e. 

solvent  and  concentrations  used.  pH  Indicator  oaoer  or  Bedpan  pH  meter.)  with  Rockwell  pH 

meter  in  O.OUlM  acetone/water  (5/1  volume  ratio) 


i 

i 


17.  Bolling  point,  or  decomposition  temperature: 

(underline  which  temperature  la  reoorted ) 

10.  Keat  of  Vaporization:  g-cal./gm BTU/Ib. 

19.  Heat  of  Fusion:  ___  g-cal./gm  BTU/lb. 

20.  Melting  point  107-108  *C. 
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21.  Freezing  point  vs.  Time  Curve:  ( Plee ••  Mrk  the  coordinates  with  scsle  values  that  aoply  to  the  coapouad 

under  study.) 


22.  Solubility  of  new  compound: 

<0.1 g/100  ml  H20  at  25°C.  g/100  ml  H20  at 

2.3 g/ioo  ml  toluene at  2$ *C. 

(mm  eater lal  used  as  solvent) 

67 g/100  ml  acetone ^ at  2$ *C. 

(naae  Material  used  as  solvent) 


3. 3. 5.7,7-Pentanitro-5-aza-nonane  Suspended  in  White  Mineral  Oil 

Tine-12  min 
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tJndar  coopetebllltr  we  are  considering  the  ability  of  two  co«ooi.v3a  to  ba  In  Intlaete  contact  (Note 
DSHD  5758  p.  over  a long  period  of  tine  without  adverse  affects  on  either  the  c heal  cal  or  physical 

properties  of  either  material.  These  tsata  will  probably  be  of  varied  artent.  They  might  be  acme  of 
the  folloelngi  (a)  Standard  stability  teats,  (b)  Simple  observations  of  exudation  or  separation  at 
aablent  or  accelerated  teaoerattire.  (c)  Prepare  thin  shaeta  (.025*  thick,  1*  square)  of  the  plasticised 
material.  Separate  the  aheata  with  strips  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  Id 
a clsap.  After  several  days  note  tha  oily  collection  on  the  oaper.  Plesae  five  reference  to  or 
describe  procedure  used.  Itea  ?8  Is  to  indicate  results  when  the  compound  la  In  contact  with  acme  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatibility  with  ethyl  cellulose: 


26.  Compatibility  with  nitrocellulose: 


27.  Compatibility  with  rubber: 


28.  Compatibility  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  ("ith  additives)  . 

(c)  Inhibiting  action  on  polymerization  of: 

Thlokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available?  Research  quantities 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time? 

d.  Is  large  production  feasible? 

e.  Plant  capacity  In  exlstance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  li formation:  (toxicity,  hmiatda,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

poser,  aaaa  of  hydrolysis  by  water,  etc.  list  references,  reports,  data  books,  ate.  that  rafar  to  the 
compound.)  


•ncFif 


ited  Lead  B166K  ValllB  ■ 112 


Calculated  Bal'llftlg  SorUr  Value  " 12? 


i HBtnofl  Of  Aerojot  Report  No.  512,  pi 


8 
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Date  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  tint  characteristic*  which  are  believed  t-e  be  of  isporisncs  in  the  study  of  a compound 
vhlch  may  possibly  he  used  as  a constituent  of  solid  propellants  or  other  explosives,  It  is  not  expected 
that  all  this  information  will  he  available  for  every  ooapouad.  For  example,  with  a compound  showing  poor 
stability  it  is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  which  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLID 
PROPELLANT  INFORMATION  AGENCY,  AFI/JHU,  8621  Georgia  Avenue,  Silver  Spring,  Maryland.  As  additional  infor- 
Ration  on  th«  tame  nr  m w cpanongH « accrues , fcr*~Tvrd  it  on  o similar  Jora  at  a xator  data.  iuxor»a*ion 

subaitted  on  these  forms  will  be  rewritten  and  published  by  3PIA  in  loose-leaf  manual  form.  These  forms 
nay  also  be  used  as  work  or  data  sheets  for  your  sxpsri mental  studies.  Extra  conies  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  Insufficient  space  has  been 
provided  for  any  item,  attaoh  separate  sheets. 


COMPOUND:  1*  1, 1»  L,  6, 6,  8, 11, 11, 11— Dftcanitro- 
Name  U, 8-diaza-undecane 

CqHi2n12°20 


Empirical  formula  

Structure:  (conflgurati  on  JJC2  P HC>2 


A02 

NO. 


1 


CH2NCH2CH2C(N02)3 


Information  submitted  by. 

Activity  Aero.1  et  Engineering  Corporation 
Person  M.B.  Frankel  and  L.'t.  Uarieton 
Date  6 February  1953 


2 ( N02 ) 3CCH2GH2NH2 • HC1  + H0CH2CCH20H 

Preparation  reactlon(s):  I 

NOo ' 


2NaOH , 


NO. 


I 

-m= 


r 

;CH2NGH2CH2C(N02). 


H 

l 


4r 


HN03 

AcoO7 


N0C 


T NO. 


I2NCH2CH2C(N02). 


-N^2” 


1.  Quantitative  analysis:!*  by  weight) 

Carbon 

Calculated  from  formula  17  .77 
By  determination  18.29 


'2. .02 


en 


n .Sct— 


2.  Burning  properties: (compered  to  nitrocellulose,  under  nitrogen  et  atmospheric  pressure  1) 


(faster?  slower?  residue?  etc.) 


3.  Stability  and  Sensitivity,  plot  ,ny  graphs  on 

separata  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  Impact  Stability 

K-  

h. 


Recommended  method 

NOL  fifi&OdUtt 

06 RD  3401  p.8 

nol  EmDeaaotoqxto 

OSRD  3401  p.8 
06 RD  3401  p.8 


Discuss  methods  used  when  they  very 
from  references.  Give  temperature  used. 
(Use  separate  sheet  if  Decessary.) 

2 ,<-kg  weight 

1i3  hr  at  1UU°C 


Bureau  of  Mines  Bull.  No.  3U6,  p,  ?2  (2-kg  weight) 


Reference  compouud_ 


RESULTS  OF  ABOVE  TESTS 


(daslgnatlon-TNT , Tetryl,  N.C.,  etc.) 

a.  Tetryl,  32  cny2.5  kg 

b.  

c.  

d.  

e.  

*•  RDX.  30  ca/2  JtH 

g- 

h. 


New  Compound  test  results 

10  cm/2.g  kg 


mz  cc/g 


$-10  iE/zjaL 


Heat  of  formation:  (aH)  + " • Kg.  calories  at  251C.,  1 atm.  pressure 

~ (indicate  sign) 
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By  Experiment 


By  Calculation 


5.  Energy  of  explosion  (Q) 

tat  25 o'*.  H20  liquid)  

6.  Heat  oi  combustion  (Hr)  1983 

(at  25°^ . H20  liquid) 


cal/gm  _ 
_cal/gm  _ 
lb -sec /lb 


20UU 


Method 

DiurliUM  or  'ifirnM.  StfMtM 
Iktal  if  M»IIU7. 


Aerojet  Report  No.  Ul7A 


7.  Specific  Impulse  (I8p)  calc: lb-sec/lb 

8.  Physical  form  of  compound  (viscous  liquid,  crystalline  tyoe,  etc.)  White  crystals 


fc.  Simple  microscope  analysis  data: 

(crystal  studies) 

10.  DensliyiHecro  aethod)  1«81  ym/rm3.  (Micro  or  other  aethod)  gm/cm3. 

lEmlain  on  separate  sheet  any  unique  aethods  you  use.) 

11.  Index  of  refraction:  (ng5*0,  ) 12.  Color  white  13.  Odor  none . 

14.  pH  at  25\).  6,5  (Method  reference  CbRD  3401  o,4,  or  OSRP  5^>d.  Ind1r*t.*  method  used,  i,e. 

solvent  and  coocentratlona  used.  pH  Indicator  naoar  or  Becksan  jfl  actor.  ) with  Beckman  pH 

meter,  0.0071M  in  acetone/water  (5/l  rolume  ratio) 
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Order  cowoetablllty  ee  •re  considering  the  sblllty  of  t«o  compounds  to  b#  In  lntiaete  contact  (Note 
GSJffl  5758  p.  21-22 j over  • long  period  of  tine  elthcut  adverse  effects  on  either  the  ehealcsl  or  physical 
niooertlee  of  either  aaterlsl.  Theee  teete  will  probably  be  of  varied  extent.  They  night  be  sane  of 
the  folloeingl  (•)  Standard  stability  teste,  (b)  Slnole  obssrvetlon*  of  exudation  or  eeperetioti  st 
••blent  or  accelerated  tenoereture.  (c)  Prepare  thin  sheets  (.025*  thick,  1*  scuere)  of  the  pleetlclsed 
■ate riel.  Separata  the  chaste  with  etrloa  of  cigarette  paper  or  carbon  paper  end  ccsnprese  the  stack  In 
• *C*  clasp.  Aft-r  aeverel  deys  aote  the  oily  collection  on  the  paper.  Please  give  reference  to  or 
daacrlbe  procedure  used.  Itea  28  is  to  Indicate  results  ehen  the  conpceind  Is  In  contact  elth  s ever  materi- 
al other  then  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatibility  with  ethyl  cellulose: 


25.  Compatibility  with  nitrocellulose: 


27.  Compatibility  with  rubber: 


28.  Compatibility  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  in  mixtures  (■tth  additives)  ZZZZZZZZZZZZZZZZZIZZZiZZIZZIZZZZZZZII 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  A ra  liability 

z.  Amount  now  available?  Research  quantities 

b.  When  was  available  material  first  prepared? 

e.  Amount  prepared  at  that  time  ? 

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  In  exlstance,  lbs  /day? 

f.  Outline  steps  for  z quantity  production  method 


31.  Additional  Information:  (toxlelty,  hasahda,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

poser,  ••••  of  hydrolyele  by  eater,  etc.  Llat  reference*,  reports,  data  books,  ate.  that  refer  to  tbs 
coapouad.) 


♦n  n >T*  ® • 


"Ceid  KL06K ' Ttlllft  ■'  ITT 

alllatic  Mortar  value  - l?j>i 


l»taoa"Of  AewjBt  Rgpurt  Mu.  $1 g,  y;-ft 
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COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  bslsv  are  the  characteristics  mich  sirs  believed  to  be  of  importance  in  the  study  of  a compound 
* which  aay  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosives.  It  is^not  expected 
that  all  this  information  will  be  available  for  every  compound.  Tor  example,  with  a compouna  showing  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  such  inforskatic 
as  is  available  for  a compound  which  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLID 
FK0FELLAS7  ISTOHKATIOB  ACESGT , API/ JHU,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
action  on  the  same  or  new  comcoiiM * accrues  # forward  it  on  * similar  r cm  at-  a later  datfi-  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  cooies  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  Insufficient  specs  has 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:  1,1, 1,3,6,6 ,9 ,11 , 11,11-Dscanitro- 

Name  3 ,9-dlaza- undecane 

Empirical  formula  ^9^12^12uf)Q 


NO, 

I d 


Structure: (configuration) 

I | 

NO?  L 


N02 


CH2(Xi2NCH2C(N02)3 1 


Information  submitted  by 
A c t iv st y Aero, let  Engineering  Corporation 
"!  Person  M.B.  Fraakel  and  L.T.  Carleton 
Date  6 February  19?j 


NO?  L 


CH2CH2NH2-HC1 


♦ 2H0CH2C(N02) 


2NaCK 


NO, 
i * 


NOo  tr 


H 

I 


CH2CH2NCH2C(N02) 


HN03  V°2 


NO. 


c CH2CH?NCH^(Naj)3 

^---WOg  t"" - 


1.  Quantitative  analysis:()C  by  weight) 

Carbon 

Calculated  from  formula  17  ,77 

By  determination  1RtH 


Hydrogen 

_i*22 


Oxygen 

52,60 


Nitrogen 

27.6b 


2.  Burning  properties:  (compared  to  nltrocelluloae,  under  nitrogen  st  atmospheric  presaurai) 

(fester?  slower?  residue?  etc.) 


Stability  and  Sensitivity:  Plot  any  graphs  on  Piscuas  methods  used  when  they  viry 

separate  sheet  from  references.  Give  temperature  used. 

(Use  separate  sheet  if  necessary.) 

a. 

Name  of  test 
Impact  Sensitivity 

Recommended  method 
NUL  osRBXStnc  2, 5- kg  weight 

b. 

Thermal  Stability 

OSRD  3401  p.8 

c. 

Vacuum  Stability 

NOL  Qeaa^4£tx3xN)  U8  hr  at  100°C 

d. 

Temperature  of  Explosion 

OSRD  3401  p.6 

e. 

Temperature  of  Ignition 

OSRD  3401  p.6 

f. 

Inroact  Stability 

Bureau  of  Mines  Bull.  No.  3Li6..  p.  72 

f2-ky  weight) 

£• 

h. 

RESULTS  OF  ABOVE  TESTS 

Reference  compound 

New  Compound  test  results 

a. 

( dws  1 gnat  1 on-T  .VT , 

Tetryl,  32  cm/2,5  kg 

Tetryl,  N.C.,  etc.) 

11  cm/2,5  kg 

h. 

c. 

20,6  cc/g 

d. 

e. 

* 

le 

RDX.  30  cm/2  kg 

10-15  cm/2  kg 

g- 

h. 

4.  Heat  of  formation:  (aH)  + -60  Kg.  calories  at  25*0.,  1 atm.  pressure 

( indies te  sign) 
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By  Experiment 


5.  Energy  of  explosion  (Q) 

Tit  ifor,  h20  liquid)  

6.  Heat  of  combustion  (Hc) 

(•t  25 or..  H20  liquid) 

7.  Specific  Impulse  (I8p)  calc: 


By  Calculation 


cal/'gm 

_cal/gm 


1QLU 


lb- sec  /lb 


Method 

DieerlitlM  t Nfimn.  ItymM 

lk««l  if  BNftaAiy. 


Aerojet  Report  Mo.  ltl7A 


*».  jehy  Steal  iorm  of  compound  (vise  sua  llnuld,  crystalline  tyoe,  etc.) 


Simple  microscope  analysis  data: 

(crystal  atudlaa) 


10.  DensltyiMscro  aethod)  l»8lt  jrm/nm3,  (Micro  or  other  acthod) 

(urolaln  on  eeperete  nheet  any  unique 

11.  Index  of  refraction:  (n^5*0,  ) 12.  Color  whits 


pthoda  you  use.) 

13.  Odor 


gm/cml. 


_nana_ 


14.  pH  at  28lC.  2.3  (Method  reference  OKRT  3401  o.4,  or  OSM)  5%8.  Indicate  aethod  used,  l.e. 

solvent  and  concentrations  used,  pfl  lndloator  oarer  or  Beckuen  jfi  aster.)  with  Bocloanq  pfl 
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21.  Fret  ling  point  vs.  Time  Curve:  ( PImm  nark  the  coordinates  a lth  seals  values  that  apply  to  the  coapoual 

under  atudy.) 


TIME 


22.  Solubility  of  new  compound: 

<0,1 C/100  ml  at  25*C.  g/100  ml  HjO  at X:. 

<0,1 g/ioo  ml  toluene at  2$  *C. 

(neaa  nt tar 1*2  ueed  a*  eolvent) 

50 | /loo  ml  acetone at  25  *C. 

(mum  aeterlal  new*  as  aolveat) 


N ■>  I • im 


1#1#1#3,6,6,9,11#11# 11-Decanitr o-3 , 9-diaea-undecane  Suspended  in  White  Oil 

T lee-12  nin 
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Under  c papa  tab! lit*  ee  ere  considering  the  ability  of  two  compounds  to  ba  in  intiaate  contact  (Note 
QSRE  5758  p.  orer  a long  period  of  tine  althout  adverse  effect*  on  either  the  cheeical  or  phyaical 

nro'i  .,m,  of  either  Material.  Theee  teata  will  probably  he  of  varied  extent.  They  eight  be  acme  of 
the  following!  (a)  Standard  stability  teata.  fb)  Siaols  obaervetlona  of  exudation  or  separation  at 
eeblent  or  accelerated  teaoerat'ire.  (c)  Prepare  thin  ahaeta  (.025*  thick,  1*  square)  of  the  plasticised 
Mte'lal.  Separate  the  ahaeta  with  etrine  of  cigarette  paper  or  ce-bon  paper  and  compress  the  etack  in 
a claap.  After  eeveral  days  note  the  oily  collection  on  the  n*D*r.  Please  give  reference  to  or 
deecrlbe  procedure  uaed.  Itea  ?8  is  to  indicate  reaulta  ehen  the  conocund  is  in  contact  eitb  aoae  neteri- 
al  other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatibility  with  ethyl  cellulose: 


20.  Compatibility  with  nitrocellulose: 


27.  Compatibility  with  rubber: 


28.  Compatibility  with 


20.  Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  («tth  additives)  ~ 

(c)  Inhibiting  action  on  polymerization  of: 

Thlokol 

Methacrylate  

Other  compounds 

30.  At*  liability 

a.  Amount  now  available?  Research  quantities 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  In  extstance,  lbs  /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  Information:  (toxicity,  he  as  Ms,  deterioration,  oxygen  balance,  detonation  rata,  explosive 

P ««r,  ease  of  hydrolyela  by  water,  ate.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
eon  pound. ) 


Calculated  Lead  block  value  ■ I7T 


3 


2. 


MeThod  61'  Aefrdjet  Report  N6.  b'12.  p.  8 
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Puts  Quest!  onrwire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  bslow  &r«  the  characteristics  which  are  believed  to  b«  of  laportauee  in  the  study  of  & compound 
«biel»  scy  possibly  bs  used  as  a constituent  of  solid  propellii&is  or  ctLsr  explosives,  It  is  not  expected 
that  all  this  information  will  be  available  for  sTery  compound.  ?or  exaaple.  with  a conpound  showing  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  conpound  farther.  After  placing  such  information 
as  is  available  for  a conpound  which  you  have  prepared  or  tested  on  one  of  these  forms,  tend  it  to  SOLID 
PROPELLANT  INFORMATION  AGENCY,  APl/JEU,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
mation  on  the  same  or  new  conpound*  accrues,  forward  it  on  e similar  form  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  form.  These  forms 
stay  also  be  used  as  work  or  data  sheets  for  your  •xpsriscntal  studies.  Extra  conies  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forme  are  invited.  If  Insufficient  space  has  besn 
provided  for  aSy  item,  attach  separate  sheets. 


COMPOUND:  1, 1, 1,3,5 .7,7  »7-Octanitro-3 ,5- 


Name  diaz  a-hepfr ana 

Empirical  formula  

Structure:  (configuration) 


no2 

CH2-  NCH2C(N02)3j2 


CH2(nH2.HC1J2  + 2H0CS2C(N02)3  ♦ 2NaOCOCH3  > CH?- 

Preparation  reaction(s):  


Information  submitted  by: 

Activity  Aerojet  Engineering  Corporation 


Person  M.R.  Frankel  i 

and  L.T.  Car let on 

Date  6 February  19' 

>3  I 

? 1 
NCH2C(N02) o 
-L  2 


HNO , 

A^0B2- 


NOo 

I i 

KGH2C(N02) 


1.  Quantitative  analysisrf*  by  weight) 

Carbon 

Calculated  from  formula  12,99 
Ey  determination  1 j ,l|l| 


Hydrogen 

1.31 

- 1,23 


Oxygen 

55,39 


Nitrogen 

30.il 


2.  Burning  properties: (compared  to  nitrocellulose,  under  nitrogen  at  atmospheric  preeeurei) 


(featerT  slc-va-?  residue?  etc.) 


3.  Stability  and  Sensitivity:  plot  any  graphs  on 

separata  ahaet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  Impact  Stability 

e- 


Discuss  methods  used  when  they  vary 
from  references.  Give  temperature  used. 
(Use  separate  sheet  if  necessary.) 

2. 5- kg  weight 

U8  hr  at  100°C  ~ 


Recommended  method 

MOL  osBurasaC) 

OSRD  3401  p.8 
NOLQSBeabtftfc]rf* 

OSRD  3401  p.0 

OSRD  3401  p.6  . 

Bureau  of  Mines  Bull.  Mo,  3U6,  p.  72  (2-kg  weight)' 


Reference  compound^ 


RESULTS  OF  AttOva  TESTS 


(deslgnstlon-TNT , Tstryl.  N.C.,  etc.) 

a.  Tetryl,  32  cm/2.5  kg  5-0  cm/2.5  kg 

b.  

c. 

d.  

e.  ’ 


New  Compound  test  results 


>30  cc/g  in  2 hr~ 


L RTVY#  ffljn/2  kg 


5-10  ca/2  kg 


4.  Heat  of  formation:  (aH)  + -16 Kg.  calories  at  i$X.,  1 atm.  pressure 

(indicate  sign) 
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By  Experiment 


By  Calculation 


1L23 


cal/gm 

cal/gm  Ui27 


lb-sec /lb 


Method 

•s  «r  Mf! 

If  nK«iuff. 


<r  MfimM.  S.p&rate 


Aerojet  Report  No.  U17A 


5.  Energy  of  explosion  (Q) 

let  z5or . H20  liquid] 

6.  Heat  of  combustion  (Hc) 

(•t  Z5«\  H20  liquid) 

7.  Specific  impulse  (I8p)  calc: 

8.  Physical  form  of  compound  (viscous  linuid,  crystalline  tyoe,  etc.)  Flfclqr  white  crystals 


9.  Simple  microscope  analysis  data;  

(crystal  studies) 

10.  DensltyfMacro  method ) 1.87  gm/cm3.  (Micro  or  other  method)  gm/cm3. 

lExoleln  on  asperate  sheet  eny  unique  method;  you  use.) 

11.  Index  of  refraction:  (nl5*0*  ) 12.  Color  white  13.  Odor  none . 

3.8,  decreasing 

14.  pH  at  25t.  QUlcklv  (Method  reference  ObRD  3401  o.4i  or  QSRD  5968.  Indlp^e  method  ue«d,_l.e. 

solvent  end  concentrations  used.  pH  lndleetor  oaoer  or  Beckman  tfi  meter.)  with  Beckman  pH 


CONFIDENTIAL 

5ECURITY  INFORMATION 


Report  Mo.  682 

3PIA/MS 


21.  Freezing  point  vs.  Time  Curve;  (?1mm  aark  the  coordinates  with  scale  values  that  apply  to  tba  cowpouai 

under  study.) 


i la  SI4  . 


.!  — i ; 1 


t • 1 


Red»  l,l,l,3,5,7,7,7-Octanitro-3,!>-dia8a-heptane,  Saturated  Solution  in  CClr 

Greeni  Solvent  OCl{j  u 

Tiae*12  gin 


r r^'^'Ty  "T.nnHflTinr 


CONFI  DENTIAL 
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tinder  compatsbillty  »e  are  eonsiderir.fr  the  ability  of  two  eomoounds  to  be  in  intleete  contact  ( 

C6RD  5753  p.  21-22)  ore-  a lonfr  period  of  tine  without  ad==rse  effects  on  either  the  ehenlcal  c jhyuic. 
nrooertiea  of  ei'.her  material.  Theae  testa  will  probably  be  of  varied  extent.  They  might  be  • ; 

the  following!  (e)  Standard  stability  testa,  (b)  Jieole  observations  of  exudation  or  separet  i f 
sab  lent  or  accelerated  temoeraturw.  (c)  Prepare  thin  sheets  (. 025 * thick,  1"  square)  of  the  p)  ;c  - 

petwrial.  Separate  the  sheets  with  strioe  of  cigarette  pep^r  or  carbon  paper  end  compress  the  ii 

a *C*  clamp,  After  several  days  note  tha  oily  collection  on  the  oeoer.  Please  give  reference  r oi 
describe  procedure  used.  Item  28  la  to  indicete  results  when  the  comDCund  is  in  contact  with  i ■ materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatibility  with  ethyl  cellulose: 


26.  Compatibility  with  nitrocellulose: 


27.  Compatibility  with  rubber: 


28.  Compatibility  with 


28.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itseif  

(h)  In  mixtures  ("ith  additives)  77777ZZ7IZIZIZIZ7IZ 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol 

Methacrylate  

Other  compounds 

30.  Availability 

a.  Amount  now  available ? Research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  lbs  /day? 

f.  Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  naiards,  deterioration,  oxygen  balance,  detonation  ret.  plowiv* 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  th.-t  afar  to  tb* 
coapound.) 

Oxygen  Balance  - +10. L _ ~ 7 777 

When  adjusted  to  zero  oxygen  balance  with  TNT,  the  calcu  i'  *3.  lead 

block  value" is  iy6  and  the  calculated  ballistic  mortar  Value  1:  >6. 

..  (yethnf!  nf  Afrnjjeit  flepori-No.  512,  p.  8.)  
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